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Methodologies for improving the quality of meat, health status of animals and 
impact on environment 

AH patent and non-patent iBferences cited In the present application are hereby 
5 inoorporated by refisrenoe in their entirety. 

Field of Invention 

The present invention relates to methods and compositions for fmprovlng the quality 
10 of meat, to methods and compositions for preventing or reducing male animal taint, 
primarily boar taint caused by skatole and/or androstenone. The invention also 
relates to methods for improving the health status of am'mals e.g. by reducing 
. ; infecKons by pathogens in the gastrointestinal: tract and to methods for reducing 
;v..A::canimaI- caused odours In general. : - . . .-. 

Background of Invention 

Boar taint 

Boar taint is a large problem in agriculture. The phenomenon referred to as "boar 
20 tainf is an Ill-defined complex probrem from a causal mechanistic standpoint that is 
characterised in porK meat by ofF-odours and flavours from a human sensory 
perspeclh/o. In addition, the live animals that lead to boar taint in meat also impart 
highly unaccept^le off-odours to their environmental surroundlr^. 

25 Although the temi -boar talnf implies that the problem is restricted to boars 
(sexuaify mature male pigs), the problem is by no means exdusiva to such animals. 
IS/lale pigs In general and to a lesser extent female and castrated male pigs also 
exhibit the phenomena associated with boar taint or pfg off odour. In addition, the 
negative effects of boar taint Increase with the Increasing age of the animals. 

30 

Boar taint is generally believed to be caused by at least two contributing fectors, 
slcatole and androstenone (Bonneau et al., 2000; Dijksterhuls et al., 2000). Skatole 
Is fomned by microbial breakdown of tryptophane in the gastrointestinal tract of pigs. 
In particular In the colon and In the caecum. Androstenone is synthesised In the 
35 testicles. Both compounds are metabolised in the liver. Some boars have a lower 
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rate of metabolism In the liver and consequently these animals result in meat that 
contains boar taint to a higher extent than the average pig. 

The phenomena associated with boar taint and/or pig off^jdour are several. First 
and foremost the odour and flavour of pork meat is affected negatively In particular 
due to the presence of skafole and/or androstenone over certain levels. The odour 
and flavour may be aflected to such an extent that the meat Is not acceptable for 
human consumption. In addition, live (fattening) pigs are assoctafed vvith an 
unpleasant odour caused-^by volatile micrebial metabolites In their excreta. The 
unpleasant odours mainly stem finom microbial produced volatSes in liquid manure 
(mixture of faeces and urine). Two important volatile components of liquid manure 
are p^resol and skatole plus ammonia. The net result of this aspect of the pig ofl^- 
odour phenomena constitutes:;an .environmental .problem in* terms of publicly, 
unacceptable, negative odours imparted to the surroundings of Jarge . pig, farms ^ 
(Hartung a RokicW. 1984; Hidaka at al., 1986; Sutton et al., 1989). Ammoiiium. . 
evaporates as NH3 and acidifles the environment Fixing of nitrogen to less volatOe 
compounds during passage through the gastrointestinal tract would thus be 
desirable. 



Danish (and other) slaughterhouses have set thresholds for the allowable amount of 
skatole in entire male pigs backfat. The limit today is 0.25 ppm of skatole in the 
backfat of entire male pigs, in the past, the limit was set to 0.20 ppm and with this 
limit approximately 8 % of aU male p^ had to be discarded. With the present level 
of 0.25 ppm approximately 5 % of all male pigs are discarded as boar tainted meat 
The meat is then used in sausage manufocture in association with boar taint free 
meat, such that the negative boar taint odours and flavoure are masked and thus 
are not a problem in human acceptability terms any longer especially when eaten 
cold. However, in this context the poric meat does not realise its original potential 
economic value. Pigs with devated skatole contents thus constitute a substantial 
economic loss to agriculture. Therefbre, there is a large monetary Incentive to 
reduce and minimise the percentage of animals with high levels of skatole in the pig 
population. 



The limit of 0.20^.25 ppm skatole has been more or less arbitrarily set thus far and 
In practice skatole also negatively aflects the sensory pitsperties of poric meat ftom 
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enure ana castrataa maie pigs at concentrations of as low as 0.15 ppm (Gibis et al., 
1 and maybe has negative effects at even lower levels when In comblnaUon 
with higher concentrations of androstenone and other negative odorous compounds. 
Reducing the concentration of skatole below 0.15 ppm to as close to zero as 
5 possible wni resuK in elevated quafily of all pork meat ftom a human sensory 
perspective and consequently allow higher prices to be obtained for pork meat per 
se. In addition, the on-farm pig odour problems wHi also be reduced substantially 
with great beneftt to the public. 

n 

10 Existing methods for boar taint control 

Methods for boar taint control comprise castration of maie pigs and feeding with 
inulin and Ihictoollgosaccharides. 

Castration .of •male, pigs, v va ^ r :c : ,. . , ; ; - - . ^ 

15 The phenomerta-of boar taint associatiBd jriegative effects has bedn addressed in tli© 
state of the art The most common preventive measure is to castrate male pigs 
either physically through removal of the testicles during the first week of the male 
pig's life, or chemically through immunovaccination (Bonneau and Carelli. 1987). 
Immunological castration of male pigs with a synthetic aqueous vaccine Is possble 
20 (Dunshoa et al.. 2001). Immunization of pigs against gonadotrophin releasing factor 
(GnRF) prevents boar taint and affects boar growth and behaviour (IWetz et al.. 
2002). Overall, today the costs of immunovaccination are prohibitively high. 
Furthemiore. it is only allowed by authorities in a few countries (USA, Australia) due 
to animal welfare problems, and thus not a realistic alternative in other countries 

25 

Physical castration Is commonly canried out by the farmer without sedation or 
anaesthetics. The consequences of this include in some cases infections of the 
wounds with resulting costs for treating the higher level of infections in the stock. 
IMoTBover, physical castration is carried out rapklly and the efficlenor is not always 
30 100%. 



Castration reduces tiie boar taint problems of skatole and androstenone in the meat 
and fat. but it does not eliminate the negative effects. Furthemiore. castration does 
not address the problem of elevated p-Cresol and skatole levels and live p^ ofl^. 



wo 2004/084644 



5 



10 



15 



20 



25 



30 



PCT/EP2004/050355 



4 



odour problems (stable and manure offensive-odour) found in all pig stables with 
especially fiaittening pigs. 

It is expected that mass castration of piglets will be forbidden in the near future for 
reasons of animal welfore at least In the EU area. In Nonivay such castration Is 
forbidden from 2009. In the interim period, authorised veterinarians can only perform 
castration. Castration by veterinarians makes the costs prohibitively h^h for 
industrial scale pig forming. 

inulin and fructooilgosaccharldes (FOS) 

it is icnown that the production of sicatole firom tryptophan in the intestine can be 
reduced by feeding pigs with inunn (Ciaus. 1992; Claus 1994) and 
fructooligosaccharides, FOS. (see e.g. Jensen & Jensen. 1998;.KnarTeborg et al., 
2002;-Xu.et aJ,-2002). However, to date a sufficient efRcienty in reducing boar-taint 
ramainsib^be'demdnstratedlbrthese. compounds, in for example:Ciaus: (1992), DE 
42 23 051 It was demonstrated that the sicatole content of backfot oouM be reduced 
only by 55% by feeding 140 kg pigs 2x35 g of inulin (firom Dahlia tubers) deny. 

Live pig odour reduction 

The malodorous volatile compounds emitted firom pig production unHs are an 
increasing problem in areas with intensive animal production. Several strategies for 
reduction of emission of odour have been tried e.g. (I) Biofilters, (11) Continuous 
aerobic treatment, (ill) using on and foam layers, (IV) additives to manure (e.g. 
acids), and (V) feed or change of feed composition. Although some improvement in 
ambient air quality has been obtained by these methods, none of them have found 
widespread use in practical conditions. 

The solution for odour reduction should both be economically feasible and fit into the 
production systems without major investments. In addrtion the quality of the resulting 
meat product should remain at the same level. IdeaHy with an increased product 
qualify. 

The most efficient solution would be to stop the production of malodorous 
compounds before the compounds end up in the manure. i.e. in the pig itself. This 
should be achieved with a suitable feed oomposiUon. which changes the spectrum 
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of produced odorous compounds so the odour Impression is changed to a less 
disagreeable composition. The need for investment In mechanicsri deodorising 
equipment in connection vi^ the stable can therefore be omitted. 

5 The odour active compounds originate iirom microbial degradation of residual feed 
components in the manure. The odour compounds can be divided In two groups 
depending on their origin: (I) compounds from fermentation of caribohydrates, and 
(11) compounds originating from fermentation of proteins. Degradation compounds 
firom fisnnentable carbohydrertes are usually short Chain fatty acids (acetic add, 

10 propionic acid, butyric acid and valeric add) and short chain alcohols. The 
degradation products from proteins are a more complex mixture. They are branched 
short chain fatty acids (isobutyric acid), Inddes (skatole and indole), phenols (p- 
cresoi) and sutflif compounds (hydro^n sulfide; dimethyl disulfide). The compounds 
- ' . . from the- last:group (protein formentatibn produc^y have, rnore disagreeable 

46 : '-than ''thevfii^ group 't(tiaitochydratBi.fo^^^ and .lower odour 

thresholds. This means they have a relatively higher negative impact on the air 
quality. The compounds produced can also be combined with each other e.g. 
volatiie fot^ acids can be combined with alcohols and result In esters which have 
other odour characteristics usually with less offensive odour notes. This process te 

20 focllitated by esterases, which can be produced by microorganisms. 

The strategy for changing the composition of the odour active compounds (and 
thereby increase the air quality} would then be to increase the amount of less odour 
offensive compounds (from cart>ohydrate degredation) at the expense of the more 
25 odour active compounds (from protein degradation), if the odour active compounds 
also inducte synthesis of esters the odour quality would be fiirtiier Improved. 

Accordingly there is need in the art for developing methods which are compatible 
with modem industrial scale farming for addressing the problems of taint In animals 
30 especially taint in male animals, primarily boar taint, Including stable malodour, and 
meattEiste. 

Control of parasite infections In pigs the state of the art 
Infections with intestinal parasites, induding nematodes such as Ascarfs suum, 
35 Trkshuris sufs and Oesophs^ostomum dentatum, are common throughout the world 
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(Nansen & RoBpstorff, 1999). The infections can cause significant economic losses 
to pig producers, as the nematodes may affect the overall growth rate and feed utili- 
sation efficiency (e.g. Hale & Stewart, 1979; Hale & Marti, 1984; Hale et al., 1981. 
1985; Stewart et al., 1985). In extreme cases the nematodes may also cause the 
5 death of Infected animals (e.g. Jensen & Svensmark. 1996). This problem is particu- 
larly significant far the organic pig hust>andry, as a goal of organic production is to 
minimise or entirely eliminate the use of medical dmgs, including anthelmintics, and 
because nematode occurrence is generally increased In organic animals systems 
and other alternatives to industrial husbandry ^sterns, as these generally offer bet- 

10 ter conditions for development and survival of infective parasite stages (deep litter 
systems, outdoor facilities), whereby the animals are much more exposed to infec- 
tion (Thamsborg & Roepstorff, 2003). However, especially a parasite such as A, 
. ''::.vrv\\suufh may^islso be found In Indobr^productlon systems (Roepstorf, 1997), 

" 7v'*.*j,-.H-'v-- •'.'...^ •»,; . . /- -: • T^I.rv^■•fv»■^'^#,{>/.:^;*:;/:v,:^ ^ - .•; , . 

> - -15< -.;5..^ To reduce thia problsm tberferhave':tje®iiimany:.eIternativB approaches towards, new 
methods for nematode control, and one of the more promising and practical solu- 
tions is the manipulation of dietary composition. Previously published data has dem- 
onstrated that diets varying in carbohydrate source and In contents of insoluble fibre 
may influence nematode infection levels. Petkevidus et al. (2003) found a maricedly 

20 reduced excretion of parasite eggs and an almost complete elimination of O. den- 
tatum from pigs fed a diet with added purified Inulin (Rafliline®). Similar results have 
also been obtained for 7. suls by Thomson et al. (in preparation). Unfortunately, high 
oontente of fibre and partially undegradabte carbohydrates, as found In standard 
organic swine diets, seem to be favourable for the parasites, while parasite unfa- 

25 vourable diets composed of highly degradable carbohydrates are not normally fed to 
pigs (Bj0m etaK, 1995; Petkevieius etah, 1997, 1999, 2001). OveraH, novel feeding 
strategies that include continuous or periodtoal supplemente of diete rich in fructooll- 
gosaccharides may contribute to future sustainable nematode control in pigs. It may 
be possible to Identify organically relevant and economically competitive carbohy- 

30 drate sources virith high oontente of fiructooHgosaocharides, on which the pigs grow 
well whBe reducing infection levela 

Though a promising producl; purified finulln has up till now been an expensive pnxJ- 
ud and therefore probably not likely to be used as a feed supplement In oommerdal 
35 pig production. Though the price may decrease with Increased demand In the pro- 
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duction units there Is also uie oasis tor an alternative product that can be produced 
at a oompetftive cost 

Chicory root product 

5 

US 4.971,815 (Tamatani et al) and US 4.865.6S2 (TamatanI et cd) describe an addi- 
tive for stock feeds containing decomposition products of chicory roots In which the 
total content of polysaccharides and Inulooligosaccharides of tri* and higher saccha- 
rides obtained by decomposing the chicory roots is 40% by weight or more of the 
10 total solids content and is 80% by weight or mora of the total saccharides. The stocic 
feed preferably contains 0.1 to 10% by weight of the addiUve. The additive is pre- 
pared by a process which comprises the steps of chopping and then heating/drying 
i ^-r i . ^; - chicory roots in order.to form chicorylia^^ 

• . ''''\:. .''yf^K^.y,-:^;,-'-'; ^ r^.:/'- ;•«. •• . 

■?< .;15'. Siimhiarjtbf inVentioh'^«<^-VAy:^ ... • 

The present invention relates to a method for reducing or removing off-odour and 
off-flavour in animals, said method comprising feeding to an entire male, castrate 
male and female animals a chicory root product during at least one day such as at 
20 least two days prior to slaughtering the animal. Preferably the animal is a 
domesticated animal, more preferable the animal is a pig. 

Feedbng animals with chicory root products reduces or removes boar taint In animals 
and improves the meat quality according to use of the meat as human food. The 

25 reduction of boar taint is also connected with reducing malodour in the environment 
of the live animals due to offenslve-smefling compounds in the mixture of feeoes and 
urine of the animals (liquid manure). A chicory root product may be a cheap product 
and the effect of the product is more effective and efficient in reducing sudh taints 
than feeding animals wHh compounds such as inultn isolated from chicory plants, 

30 thus an alternative product to pure inuiin Is chicory roots. Also the chicory root 
product has beneficial effects on the animals, effects which can not be ot>tained by 
pure inuiin, one of these effects are effect on meat taste. 
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In another embodiment the Invention relates to a method for reducing the skafole 
content in animals, sard method comprising feeding to an animal a chicory root 
product for at least one day such as at least two days prior to Slaughtering. 

In a further embodiment the invention relates to a method for reducing the 
androstenone content in meat and fat and blood said method comprising feeding to 
an animal a chicory root product for at least one day s\xAt as at least two days. 

Skatole and androstenone are two of the compounds resulting in boar taint of entire 
male pig meat, and are connected to off-odour and flavoure of meat Reducing 
skatole and androstenone content in meat also decreases the amount of animals 
being rejected at Slaughter for use in meat cuts. 

In . yet another embodiment the Invention relates to a method for improving . the> 
odour,« flavour,vtast6 and aftertaste of nieat from a human sensory, acceptabfliq^ 
perspecthre, said method comprising feeding to an animal a chicory root product fbr 
at least one day such as at least two days prior to slaughter. The chicory root 
product has an effect on taste and aftertaste of meat, which can not be obtained by 
feeding animals with pure inulin. 

In a further embodiment the Invention relates to a method for reducing malodour as 
related to the live animals environment, said method comprising feeding a chkx)ry 
root product to animals for at least one day such as at least two days. Reducing 
malodour compounds coming fton pig stables and manure lead to environmental 
benefits In relation to the public. 

In another embodiment the Invention relates to a method for reducing the amount of 
infections with pathogens of the gastrointestinal tract in a non-human animal, said 
method comprising feeding to a non-human animal a chicory root product for at least 
30 one day such as at least two days. 

The invention relates to animal welfare by a friendly, humane, low cost and highly 
effective feeding methodology when compared to all the presently utilised methods 
for boar taint control. 
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In another aspect the invenUon relates to the chicory root product it self comprising 
inulin and other low molecular sugars as well as secondary metabolites. 

Brief description of Rgures 

5 

Fig. 1. (a) The scores of odorous compounds of raw data firom colon contents of 
control-fed and chlcory-fed pigs, (b) The loadings of the odorous compounds of 
oontrol-fed and chicory-fed pigs. 

10 Fig. 2. (a) The scores of low threshold values of odorous compounds from colon 
contents of control-fed and chicory-fed pigs, (b) The loadings of low threshold values 
of the odorous compounds of control-fisd and chicory-fed pigs. 

- Fig. 3; (a)/The:^scores ofi'hlgh^ threshold values of odorous compounds: from colon . . 
• contenls-t0f con!trol-**(f:^and*;chicdry-fW pigs: (b) The loadings of high threshold , 
values of the odorous compounds of control-fed and chiobry-^ed pigs. 

Fig. 4. Skatole in blood plasma of pigs due to short time feeding of dried chicory 
roots. The pigs were feed with 25% dried chicory roots plus 70% concentrate. 

20 

Fig. 5. Mean O. dentatum egg counts (eggs per gram faeces) In five groups of eight 
p^s fed different diets. The first 28 days after infection with 3000 O. dentatum L3- 
larvae an pigs were gh/an concentrate and grass sllaga Thereafter the concentrate 
control group was given only concentrate and the long-term chicory group had the 
25 silage substituted for shredded chicory roote. This was also dona for the short-term 
chicory group 28 days before slaughter. 

Fig. 6. Mean egg excretion (epg^eggs per gram feeces) of O. dentatum in 4 groups 
of pigs (n=8) fed different diete. 

30 

Fig. 7. Female O. dentatum with mating caps in four groups of pigs fed different 
diete. Ten females were examined per pig except for one pig in the dried chicory 
group where only five worms were rscoverod. The medten percenteges aiB 
Blustrated by the solid lines. 

35 
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Fig. 8. Principal uomponem Analysis (pua) of sensory profiling data ftom freshly 
GOoKed entire male pork meat samples for each of four feeding treatment^ 1). Non- 
BioacOve Control. 2). Sil^, 3). Chlcoiy, and 4). Chfcory/SDage. 

5 Fig. 9. Psoas Major 1 (PM1) (PC 1 v 2). Dtscriminant Partial Least Squares Regres- 
slon (DPLSR) correlafion loadiiQs plot of sensory profiling variables (X-matrix) ver- 
sus feeding treatment design variables (Y-matrix). displayed that the animals fed 
treatment 1. non Uoactive control feed and 2. silage were high in boar fa//jf descrip. 
tors such as e.g. manun/^9 atour/namur. p^y/anhnai odour^avour, musly 
10 odour, urino odour and Uw^ocMismy flamur. whereas animals fed chicory (treat- 
ments 3 and 4) were. relativB to 1. non bioactlve control feed and 2. sHage treat- 
.... "l?,"^'. J^'Sl* ^ descriptors and were described by ftesft cootod pork 
meit octourmytklfmd thus, displayed a high overall impression. Slipse^ represent 

r*''=db-sKa-i8o"%V-^^^ ■• . 

Fig. 10. Psoas M^ior 2 (PM2) (PC 1 v 2). Discriminant Partial Least Squares Re- 
gression (DPLSR) conelation loadings plot of sensory piofDing variables pc-malrix) 
versus feeding treatment design variables (Y-matrtx). displayed that the animals fed 
treatment 1. control/silage were high in boar taint tonns such as e.g. manura^stMa 
odourmemur. Qamev-P. Flat bltter-AT and animal/piggy odourmamur. whereas 
animals fed 3. <*lcory 1 (fresh) were, relative to the 1. control/silage treatments, not 
high In boar taint descriptors and were described by fresh cooked porit meat 
oefotir/Ravocirand thus, and displayed a higher overan impression. Enipses repre- 
sent r* = 50 and 1 00 %. 



20 



25 



30 



Fig. 11. Longlsslmus Dorsi 2 (LD2) (PC 1 v 2). Discriminant Partial Least Squares 
Regression (DPLSR) correlation loaifings plot of sensory proffling variables (X- 
malrix) versus feeding treatment design variables (Y-matrix). displayed that the ani- 
mals fed treatments 1. oontrol/saage and 4. inuHn were high in boar taint terms such 
as e.g. manure^stable odour/flavour, aramaVjalggy odom/navow and llvestocM>amy 
flavour, whereas animals fed 2. chicory 1 (finesh) and 3. chlcny 2 (dried) wwe. rela- 
tive to 1. control/enage and 4. inulin, not high in boar taint <te$crfptors and were de- 
scribed tv frash coolced porit meat odour/Havowrand thus, and displayed a higher 
overall impression. Moreover, treatments 2. chlcoiy 1 (fresh) and 3. chicory 2 (dried) 
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and 100%, 

Definitions: 

5 

A ctiicory root product: By a chicory root product 1^ intended first and foremost the 
complete chicory roots. Also fractions of chiocvy root are included. Also 
encompassed by the present invention are processed products tiiereof, e.g. pulp, 
fialces, powder, flour, dried pulp, dried flaices. dried tubere. silage, enzymaUcally 
10 processed products, microbidogically processed products. 

: . . , f^?^^!^!^, extract: An extract made from chicory roots, wherein the extract 
^i - . .-.v??^^^^^^? firacBon'as well as a low molecular weigm fraction. 

. f:^. ,!i^i^^^}^. compounds are csompounds below 2000 Dalton. Preferably 

15 ttie extract cornjprises the coumarins i.e. esculetin, sesquiterpenes, terpehe. 
phytosterol, polyamine and flavonold. More preferably the extract comprises low 
molecular weight sugare and terpenes. 

A pig: An animal belonging to the group of animals characterised by the Latin name 

20 SuSSCfOfSL 

Bitter chicory: By bitter chicory is to be understood chicory with a bitter taste. Bitter 
chicory need not be diffiarent from chicory or chicory root product 

25 Boar taint: is a distinctive and unacceptable taint perceived through a combination of 
sensory off-odour, flavour and taste In meat and meat products during cooking and 
eating, it is variously described as 'animal', 'urine', and/or 'manure' like in character 

Domesticated animals: Examples of domesticated animals are catUe, sheep, goat, 
30 pig, horse, donkey, dog, cat, poultry, chicken, duck, goose, turicey, steer, mink. 

Pigs can be dassifled according to age and partly according to weight For the 
purposes of the present invention the following dassiflcatlon is used: 
Suckling plglek 0-4 weeks or unta 7 weeks of age (until weaning) 

35 Weaned pigs: 4-8 weeks of age 
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Growing pigs: above 6 weeics. 

Growing pigs are often referred to as Porkere (50-60 kg), finishers or ftittenere (both 
up to 160 kg). 

5 Chksory: By a Chtoory plant is intended any species, subspecies or variety, which is 
a member of the Genus Cfehorium L belonging to the Compositae. Some botanists 
place the CIchorium family In the Asteraceae. Known species inckide at least: 
Ctehorhjm alatum Hochst & Steud.ex DC. 
CIchorium ambiguum Schult. 
10 CIchorium aposerls E.tH.L.Krause 
CIchorium amoseris E.i-i.L.Krause 
Ctehorium baleartcum Porta 

'> jr.v. :\j. C^cliori^^ ' . * 

•• ^15. ' Ctehorium.bottae Deflers r ' . 

Ctohorium'byzantinum Clem. 

CIchorium caeruleum Qilib. 

Cichorium caliosum Pomel 

Ctehorium calvum Seh.Bip. 
20 Cichorium casnia C.B.Clarke 

Cichorium cicorea Dum. 

Cichorium commune Pali. 

Cichorium cosnia Buch.-Ham. 

CIchorium crispum mi 
25 Cichorium dichotomum Link 

Ctehorium divaricatum Heldr.ex Nym. 

CIchorium divaricatum Schousb 

Cichorium dubium E.H.L.Kifau8e 

Ctehor&jm endivia Unn. 
30 CIchorium endivia subsp. divaricatum (Schousboe) P.D.Seii 

CIchorium endivia subsp. pumllum (Jacq.) C Jefliey 

Cichorium esculentum Salisb. 

Cichorium glabratum PresI 

CIchorium glandulosum Bolss. & IHuet 
35 Cichorium glaucum Hoflnigg. & Unk 
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Cichorium hlrsutum Gren. 
CIchorium in^us convar. foHosum (Hegl) J.Holub 
Cfchorium intybus convar. radfcosum (Alef.) J.Holub 
Cichorium intybus forma alba Farw. 
5 Ctchorfum Infybus forma nibtounda F^rw. 
Cichorium infybus L. 
Cichorium Infybus Unn. 

Cichorium Intybus subsp. glabratum (C.PrasI) G.Wagenitz & U.Bedarif 
Cichorium minimum Portenschl. 
1 0 Cichorium nanum Portenschi.ex IMym. 
Cichorium noeanum Bolss. 
Cichorium officinale Gueldenstex Ledeb. 
V \ ^ • ' • Cichoriu m perenne Stokes, 
V : % \v *" '^'^9''""™ po^yslachyum Pomel 
^ 'iS^^ v*: "tiichbriumpumllumJaixi. . 

Cichorium rtiagadtohjs E.H.LKrause 
Cichorium rfgtdum Saltsb. 
Cichorium spinosum Linn. 
Cichorium sylvestre GareauK 
20 Cichorium syh/astre Lam. 



A commonly used agricultural variety of Cichorium is: 
25 Cichorium intybus L. var. Orchies 

Plant varieties of Cichorium for which Plant variety protection has been granted or Is 
about to be granted at the Community Plant Variety Office, Angers. France 



Cichorium 


endivia L. 


RIe 

Number 


Application 


DenomlnafJon 


grant 
Number 


Grant 


End of 


Date 




Date 


Protection 


19971402 


28/11/1997 


^RIGA 


3152 


02/06/1998 


31/12/2023 


19951973 


25/08/1995 


AirijA 


1635 


15^1/1997 


31/12/2022 
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19950129 


31/05/1995 


BOLDIE 


1088 


15/10/1996 


01/10/2017 


19970359 


12/03/1997 


BOOGIE 


3047 


06/07/1998 


31/12/2023 


19980139 


23/01/1998 


CENTURY 


3605 


19/10/1998 


31/12/2023 


19990460 


22/03/1999 


EMILIE 


7833 


11/06^001 


31/12/2026 


19950621 


09/08/1995 


EXCEL 


1459 


16/12/1996 


31/12«021 


1^70357 


12/03/1997 


FOXIE 


3134 


02/06/1998 


31/12^023 


19971458 


16/12/1997 


FREHEL 


5639 


20/12/1999 


31/12/2024 


20001725 


21/11/2000 


GIRONA 


9370 


06/05/2002 


31/12/2027 


20001830 


06/12/2000 


ISADORA 


7998 


06/08/2001 


31/12/2026 


20001831 


06/12/2000 


ISOLA 


7999 


06/08/2001 


31/12/2026 


19990309 


01/03/1999 


KETHEL 


7446 


09/04/2001 


31/12/2026 








10192 


21/10/2002 


31/12/2027 


20000439 


23/03/2000 


LASSIE 


8505 


03/12/2001 


31/12/2026 


20000809 


31/05/2000 


ULIE 


7390 


05/03/2001 


3i/i2/2oar^ 


19950622 


09/08/1995 


MISTRAL 


1460 


16/12/1996 


31/12/2021 


19991604 


15/11/1999 


MONTREAL 


B500 


03/12/2001 


31/12/2026 


1^50623 


09/08/1995 


NAOMI 


1461 


16/12/1996 


31/12/2021 


19951225 


29/08/1995 


NATACHA 


1089 


15/10/1996 


01/02/2018 


19950294 


27/04/1995 


NUANCE 


975 


02/09/1996 


01/09/2016 


20001829 


06/12/2000 


OUVIA 


7997 


06/08/2001 


31/12/2026 


19951972 


^08/1995 


PRADA 


1634 


15/01/1997 


01/10/2027 


19971403 


28/11/1997 


SACHA 


3151 


02/06/1998 


31/12/2023 


19950258 


06/07/1995 


SARDANA 


1942 


15/05/1997 


01/06/2017 




29/10/1998 


SNOOPIE 


5566 


06/12/1999 


31/12/2024 


19991208 


27/08/1999 


STOMIE 


5801 


14/02/2000 


31/12/2025 


19970360 


12/03/1997 


TRUDIE 


3048 


06/07/1998 


31/12/2023 


19970356 


12/03/1997 


WOODIE 


3132 


02/06/1998 


31/12/2023 



Cichorium endivia L. 



RIe 

Number 


AoDlication 


Breeder's 


ProDOsed 


Date 


Reference 


Denomlnaiiijn 


2001/0741 


25/04/2001 


8 022216 


ATLETA 


2000/1908 


10/01/2001 


bejo 1978 


CARLOS 
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2002/1355 


30/10/2002 


1 1-122 iz 


CASAL 


2000/1911 


10/01/2001 


betio1895 


DAVOS 


2002/1356 


30/10/2002 


11-<510iz i 


LASKO 


2000/1907 


10/01/2001 


bejo 1979 


LEXOS 


2002/1354 


03/09/2002 


11-19412 


MARCONI 


2000/1910 


ib/oi/2001 


beJo1894 


MONOS 



CIchorium Intybus L..partlm 



Number 


Application 
Dat& 




Grant 
Number 


Gran^ 
Date 


End o| 




Protection 


19980340 : 


11/03/1998 ' • 


AUG1^ - : 


7466. 


09/04/2001 


31/12/2026 


19980339V' 


11/03/1993 


SES4731 - - - 


7465. 


09/04/2001* ' 


31/12/2026 


19970157 .1 


28/01/1^97 V - 


CPZ4641 • 


B897 


2O/11/2000• 


31/12/2025 ; 


19970166 


28/01/1997 


CPZ6722 


8898 


20/11/2000 


31/12/2025 


19952585 


24/08/1995 


CRP 308-2 


1464 


16/12/1996 


31/12/2021 


19952584 


24/08/1995 


CRP 609-3 


1463 


16/12/1996 


31/12/2021 


19980990 


17/07/1998 


PASTE 


7472 


09/04/2001 


31/12/2026 


19960978 


03/09/1996 


FLAA1-1 


2444 


01/09/1997 


31/12/2022 


19960977 


03/09/1996 


FRAN B1-2 


2443 


01/09/1997 


31/12/2022 


19980991 


17/07/1998 


OESIA 


5844 


03/04/2000 


31/12/2025 


19970156 


28/01/1997 


SISTA1S3 


6896 


20/11/2000 


31/12/2025 



5 CIchorium Intybus L. partlm 



RIe 

Number 




Breeder*^ 


Proposed 


Date 


Reference 


Denomination 


2001/1199 




t)ejo2202 


FOX 14 


2000/1913 


10/01/2001 


beJo2196 


FURB 21 


2000/1909 


io/bi/^1 


bejo 2197 


NER261 


2002AM34 


18/03/2002 


nun 9001 cm 


NUN0001CM 


2002/0435 


19/03/2002 


nun 9002 cm 


NUN9002CM 


2002/0436 


19/03/2002 


nun 9003 cm 


NUN9003CM 
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2002/0437 


19/03/2002 


nun 9004 cm 


NUN9004CM 


2002/0438 


19/03/2002 


nun 8005 cm 


NUN9005CM 


2002/0439 


19/03/2002 


nun 9006 cat) 


NUN9006CM 


2002/0440 


19/03/2002 


nun 9007 cm 


NUN9007CM 


2000/0303 


28/02/2000 


3 84.025 


REDORIA 


2000/1914 


10/01/2001 


t>ejo2195 


siSTA 159 


2001/0740 


25/04/2001 


won 8 


iivoii8 


1999/0819 


08/06/1999 


wo 125 


!iv0125 


1999/0818 


ra/06/1999 


lwo126 


i)vbi26 



Detailed description of the Invention 



«omprislng.feedlng lo an an!mal a chiai^ root preduct during at lea^ bne day such 
as at least HMD days prior to slaughtering the animal. The taint is connected to 
malodour In places where animals are living especially in indoor locations e.g. in 
stables, other houses or hiding-places for pigs. The taM is also connected to off- 
10 odour and flavour in meat ftom a human sensory perspective. 

By using the wording Yeducing taint In animais' it Is not only meant to limit the 
reduction of taint to the inside of the animals e.g. in all food related items contained 
lr> the animal in particular the meat, also the stables and outdoor areas where 
15 animais are living are Intended to be included as well as the manuretelurry Kept in 
tonics and spread on the soli. In general the redudton of taint in the environment of 
animais Is included. 



20 



25 



Feeding the animals with the chicory root product reduces taint in animals, males as 
weO as females. Surprisingly the efiect of the chicory root product on skatote in 
bacldat is higher than expected when comparing to resulte of an experiment using 
purified inulin (Claus, 1092 & igg4). 

Feeding male and female animals with chicory root product reduces the off odour 
and off flavour of the meat and hensby Increases the human sensory enjoyment in 
eating the untainted meat The reduction of off odour and off flavour also reduces 
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10 



15 



20 



25 



30 



35 



uw amount a animais mai are oemg aegraaed as boar tainted meat discharged due 
to unsuHablii^ to be used direcOy as a human Ibod. 

Furthennore. castration of the animals can be avoided, which increase the animal 
weHSare due to avoiding the pain male animals are subjected to at the time of 
rastration. The chicory root product Is a cheap aRemative to castration especially in 
countries where authorised veterinarians perfbrm the castration. 

Feeding the animals with the chicory root product reduces infteUons with intestinal 
pathogens such as paiasitss. 

Feeding flme 

The chicory.rpot product can-be produced from platrts of one or more of the speaes 
genus; or plam liamBes mentioned abfitfe: T^'chlcoiy root product is ^ to the 

animalfor at least 1 day. such as at least 2 days, such as at least 3 days, such as at 
least 4 days, such as at least 5 days, such as at least 6 days, such as at least one 
week, for example at least 1.5 weelcs. such as at least 2 weelcs. preferably at least 3 
weelcs. such as at least 4 weeiis. for example at least 5 weeks, such as at least 6 
weeks, fbr example at least 7 weeks, such as at least 8 weeks. Ibr example at least 
9 weeks, such as at least 10 weeks, for example at least 15 weeks, euch as at least 
20 weeks. 

Feeding animals with the chicory root product within a short period just prior to 
Slaughtering reduces the amount of chicory root product to be used, simultaneously 
with reducing laint of the meat of the animaL Feeding animals wHh the chicory root 
product within a long period prior to slaughtering generany reduces taht of the meat 
and malodour of the stables or living place of the animal as weli as the parasite load. 

Strategic feeding with the chhx»y root product such as a dried chicory during 
specific wamt summer time periods or within other periods reduces the amount of 
chicory root product to be used compared to continuously feeding the hde year 
Feeding in periods rethicesboartaintof meat simuManeogsly with reducing the most 
severe malodour of the stables or living place of the animal of all ages. 
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To reduce taint In the animal the chicory root product Is fed to the animal 
substantially until slaughter. The initiation of the feeding by the chicory root product 
can be at any time during the life of the animal. The amount of chicory root product 
per kg animal eaten by said animal may vary during the life of the animal or during 
the year due to the need of the chicory root product or due to fluctuation in the 
quality of the feed, where the quait^ can be of the chicory plants or the other feed 



1n the period where the animal is fed by the chicory root product as outlined 
10 elsewhere, the chicory root product is fed to the animal daily. The frequency of daily 

feeding may vary from one portion which is eaten up by the animal within a short 

period or the animal can have admission to the chicory root product all day long. 

prefeniBd is that the chicory root product is fed Id the animal several times daily! 
r . such as,2;tfmes. 3-times,:4. tlmes;,5 .tinri©s;icn- .mora than S times. Also preferred 
15':/ y ; feeding by;a drled cWopry rootproduct once a tl^y. ... - - . 

The chicory root product can be fed to the animals every day. every second day, 
every third day, every fourth day, every fifth day. every sixth day or once a week! 
Preferred when the animals are fed by the chicory product every day. 

20 

Preferred is when the animals are fed by the chicory product every day within a 
perfod of 2 to 3 weeks before slaughter. Further preferred is when this chicory 
product is a dried chicory product as described elsewhere herin. Yet further 
preferred is when the animals are fed by a dried chicory product every day within a 
25 period of 3 weeks before slaughter. 

The animals may also be allowed to crop an area with growing Chicory plante. 
hereby the animals can eat the leaves of the plante and/or eat the roote ty first 
digging up or drawing up the plante and/or roote. 

30 

The animals may also crop an area where chicory plante are harvested. The 
animate can eat the remaining chicory plante or the remaining chicory plant parts. 
Remaining ptent parts can be due to topping the plante when harvesting, removing 
the roote and leaving the leaf part on the area Also non-removed roote can be 
35 eaten by the animal. 



wo 2004/084644 



PCT/EP2004/050355 



19 



Feed ration 

The chicory root product can constitute a part of the dally feed ration, preferably the 
5 chicory root product part of the ration of the animal is at least 2.5 % on a d&Oy 
energy t)asis. Also preferred is when the chicory root product part of the ration of the 
animal is at least 5% on a daily energy basis. Also preferred Is when the chicory root 
product part of the ration of the animal is at least 10% on a daily energy basis. 

10 Further, when feeding with the chicory root product the ration based on a daily 
energy basis can be that the chicory root product part comprises at least 15 % of the 
ration, more preferably at least 20%, more preferably at least 25%. more preferably 

, / V'.;:at least 30 %, for example at-ieast 35%; such asr.at least 40%, for example at least 
; V; *f ^50%i. such as at least 60%i for>exaimplQ;:at least 75%, such as at least 90%. for 
' .15' v r^' example substanti8ilyiOO%; v^^^^^^^ . . - . . • 

The chicory root product does not seem to result in a reduction in the growth rate of 
the animals; furthermore the animals do not show signs of avoiding eating the 
chicory root product 

20 

The chicory root product is a low protein or substantially proteln-firee product 
Surprisingly, when the animals are fed with the chicory root product, the animals 
need not be fed with an additional protein supi^ing product to dbtain the weight of 
an animal fed by ordinary feeding products. 

25 

Animals 

In one embodiment the animal as described herein may be any higher animals at 
any stage of life, preferable the animals is domesticated animals and more preferred 
30 is when the animal Is a ruminant, such as cow, sheep, goat buffelo, deer. catQe, 
antelope. 

In another preferred embocBment the animal is a monogastrte species, such as 
horse, pig, poultry, dog, cat Further preferred Is when the monogastric species is a 
35 pig. Yet further preferred is when the pig is an entire male pig. 



20 



Piglets can eat the chfoory root product from none, one or several days t>6f6re 
weaning from the sow as a part of the ration as descrilsed elsewhere. Preferred Is 
feeding pigs with the chloory root product wherein weight of the pig Is from 25 to 300 
kg. more preferably as from 55 to 130 kg, which Is the weight of fetteners at 
slaughtering. Pfgs of all ages can be feed with the chioory root product such as to 
suckling piglet of 0-4 weeks of age (or until weaning), weaned pigs of 4-8 weeks of 
age, growing pigs above 6 weeks for instance is growing pigs often refened to as 
porters (50-60 kg), finishers or fetfeners (both up to 130 kg). The pigs can be f^d 
with the chioory root product when the pigs are ranging in weight from 4 to 350 kg, 
such as 5 to 150 kg, such as 5 to 170 kg, e,g. such as 5 to 30 kg. further such as 30 
to 50 kg, such as 50 to 80 kg, such as 80 to 110 kg. such as 110 to 140 kg. such as 
. 140 to 170 kg, such as 1:70 to:200.kd; 8ftich as 200 to 275 1^. such as 275 to 350 kg. 

' The anlrhals.fsd;by the chksoiy root pnoducl of the invention may live inorganic or . 
non-organic production systems. The animals may be in a stable all day or have 
access to outdoor equipment such as a fence or live in an outdoor area. 

Chicory plants 

The chicory root product described herein can be prepared from plants of the family 
ComposHae, the chioory root product can be produced from plants of one or more 
genus of the family Compositae, prsfened is plants from the genus Clchoflum. In 
this context chicory is used to desaibe plants belonging to the genus Cichorium. As 
just mentioned the plants may belong to a single or more genus of family 
Composftae as well as from a single or more species of the genus Cichorium, as 
well as from a single or more varieties of the species Cichorium intybus L, 
Preferably the plants are of the species Cichorium intybus L The genere and 
species referred to are that mentioned previously. The varieties are any chicory 
variety, which are being culth^ated at a time. Preferred are plants of agricultural 
varieties. More preferred are plants with large roots, most prefeired are varieties 
with a high biomass yield by area e.g. 60 ton per ha. Further preferred are varieties 
with a large Inulln content, such as at least 15% inulin on a dry matter basis. e.g. at 
least 20% inulin, such as at least 30% inulin, e.g. at least 40% inulin, such as at 
least 50% inulin, for instance at least 60% inulin, such as at least 70% inulin, for 
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instance at least 60% Inulin, such as at least 90% inulin, for instance at least 95% 
inulin. 

Chicory plants are easy to grow and many agriculture varieties have a high yield. 
5 hereby the chicory root product becomes a cheap product. Furthemiore the chicory 
plants can be handled by equipment used in si^ar beet production. 

Ail parts of the chicory plant can be used to prepare a chicory root product; the 
phrase •chicory root product* is used to indicate that preferably the main part of the 
10 product Is prepared from the roots of the chicory plants. This root part of the amount 
of chicory plant used to produce the chicory root product may constitute more than 
20% of the total dry we^ht of chicory plant used, such as more than 30%, such as 
V ;^ rnore than-40%;-6ach as md.ra*tharej50% such as more than 60%, such as more 
than 70%, such as mcroithan 60%. such as more than 90%, such as substantiaKy 

--fS" •;r>100%.''^.i^ C':y::riif>y^riYr':' n'lH^rfr y r... 

In the descn'ptlon of the chicory roots e.g. characterisation of the contents of 
compounds these characteristics may be valid for portions including entire plants or 
portions only Including roots and small parts of the leafe. 

20 

The chicory root product is prepared from chicory piants. wherein the chicory roots 
contain at least 5% inulin. more preferably at least 10% inulin. more preferably at 
least 15 % inulin, more preferably at least 20 % Inulin, such as at least 25% Inulin, 
for example at least 30 % inulin on wet weight basts of the root 

25 

The chicory root product Is prepared from chicory plants, wherein the chicory roots 
contain at least 5% FOS, more preferably at least 10% FOS, more preferably at 
least 15 % FOS. more preferably at least 20 % FOS. such as at least 25% FOS. for 
example at least 30 % FOS on wet weight basis of the root FOS is 
30 fructooligosaccharides. 
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Processed chicory root products 

The chicory root product used according to this invention can be a processed 
chicory root product comprising a silage product of chicory roots, such as a silage 
5 product of essentially whole chicory roots. 

Silage 

SOage is prepared by anaerobic fisrmentatlon this can be in a ptt. sOo or other endo- 
10 sure or by chemical preservation e.g. by lactic acid, propionic acid, and formalde- 
hyde. The chicory plant parts or chicory roots can be ensiled alone meaning without 
other plant species or it can be ensiled together with different plant species of forage 
k crops.suchias ryegmsff. hiaize, sorghum, affidfa, potatoes, beets e.g. sugar beets 
• ^ and:sugar^»beet:pulp/refUso; The plant material is harvested green and stored as 
• -ASr -:r fresh materialv endosedin air-proof conditions (pit, or under a plastic or simOar cov- 
ering) and allowed to ferment, vi^th most of the soluble sugars converted to low mo- 
lecular weight volatile fatty acids, such as acetic acid. Various additives may be 
used, either to increase the concentration of fermentable carbohydrate (molasses), 
to fricrease the proportion of beneficial bacteria e.g. lactic acid in the ensiled mate- 
20 rial, or to artificially lower ttie pH of the mixture. Addittondl fermentable carbohydrate 
may be added as molasses. Alternatively, enzymes such as xyianases and cellu- 
lases may be added to release low molecular weight fermentable substrates from 
the ceU wall polysaccharides. Synthetic volatile faUy acids e.g. propionic acid may 
also be added to lower pH. 

25 

The chicory root sflage can also be produced by mixtures of chicory plants and 
straw or by adding pellets from sugar beet pulp to ttie chicory plante. Otiier dried 
products can also be used e.g. potato starch. 

30 The sflage can constitute the chicory root product or the Chicory root product can be 
produced from silage and ottier chicory products described herein. 

Fermented product 
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The chicory root product of the InvenOon can be a product, wherein the chicory root 
product comprises a fermented product of chicory roots. The fermentatfon can be 
initiated with fractions of fresh roots, fractions of dried roots and extracts. 

A fermented chicory root product can be obtained by fermentation with bacteria such 
as Bacittus, Acetobac^r, etc also yeast can be used to the fermentation process. 
Preferred is fermentation with Lactobacnius casei atactosus, LactobaclUus 
ceOobiosus, Leuconostoc destrantcum, Leuconostoc mesenteroids , Streptococct^ 
lacUs, Streptococcus (Sax^fylacUs. or S^cc/iaromyces florBntinus, IMethods of 
fermentation of chicory roots are described In US 4,671,962. 

Decomposition of chicory roots 

•Heating. and/oF. drying'chopped chicory roots may canry out decomposition of the = 
chicory,roots;.Furthennorei the decomposition may be performed by first chopping . 
and grinding the chicory roots into fine pieces, then preparing a slurry of the pieces, 
and enzymaticaUy decomposing the slurry; or alternatively by first chopping the 
chicory roots into fine pieces, then heating and drying them, adding thereto water to 
form a slurry, and enzymatically decomposing the slurry. 

If necessary, a further treatment may be conducted by the use of pectinase andfor 
oellulase. Afienvard. an endo-type inulase is added to the slurry, and the enzymatic 
decomposition is then perfomned at a temperature of 40^ to 80**C for 12 to 36 
hours. Preferred is a product in which 50 weight % or more of the solids content 
comprises the fiructooiigosaccharide (FOS). 

Usable examples of the endo-type insulase include enzymes produced by mold 
fungi such as those of the genus Aspergillus (A n/gerand tite iilce) and those of Uie 
genus Penlcillium (P, trzebinskff and the lilce), and bacteria such as Bacillus (B. c/r- 
culans and the iilce). In a preferable case, the endo-type inulase wherein the opti- 
mum temperature Is from 30«C to eo^C and the optimum pH Is from 4 to 7 is used, 
so that the oligosacdtaride is effectively produced from the chicory flakes. In the 
practical enzyme decomposition, it is preferable that ttie temperature of the enzy- 
matic decomposition Is high for the sake of preventing oontemination with vartous 
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bacteria. Therefore, the enzymatic decomposition is suitably performed at a tem- 
perature of 40« to 80'»C. Enzymatic preparation Is further described in US 4.971 ,815. 

The chicory root product of the invention can be a product, wherein the chicory root 
5 product comprises flour of chicory root This invention therefore provides a process 
for the preparation of a flour from tubera of chicory or ^milar inulin-containlng plants, 
which process comprises the steps of: (a) macerating the tubers to a homogenate; 
(b) heating the homogenate at a temperature ranging from about 150*»C to about 
90»C for a time ranging, respectively from about 16 sedbnds to about 10 minutes; (c) 
10 subJecUng the heated homogenate to spray drying in a stream of hot gas; and (d) 
recovering a flour comprising a mixture of monosaccharides, small oligosaccharides 
and large oligosaccharides. Flour production is flirther described in US 4,871,574. 

■ • . ^' I'Tlie c^Iot^ pfoduct of the Invention can bo'a produd; wherein the chicory root ' 
• 15'- product cohipfiseipul^ ... 
the inulin has been removed (extracted) to leave a chicory pulp. The present inven- 
tion includes all chicory pulp, which can be obtained from cMoory plants, Including 
the whole range of possible fibre and Inulin content The pulp Is preferably obtained 
from at least chicory root material. The chicory pulp may be Incorporated into a 
20 chicory root product vi«h the same composition as directly produced from the extrac- 
tion procedure. Alternatively, the pulp may undergo one or more steps to obtain a 
pulp of a different composition and/or fonm. For example, the pulp may be dried and 
then ground up to provide a dry pnxftict of small particle size, which may be used to 
produce a chicory root product. 

25 

Dried chicory roots 

The chicory root product of the Invention can be a product, wherein the chicory root 
product comprises a dried product of chicory roots, such as a dried product of 
30 essentiany whole chicory roots. The chicory roots or dteintegrated chicoiy roots can 
be dried by any drying method, such as sun dried, dried by heat, dried by air, d^ied 
by heated air, dried In a heating chamber or freeze dried. Drying processes may be 
those used when drying beets or other drying processes know to the person skilled 
Intheart 



35 
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Drum djying can ba applied to the disintegrated chicory roots. Drum dryers are often 
used for drying wet materials e.g. green chopped eifsifa and grass. Drum drying Is a 
continuous drying process. What differentiates this drying method from other drying 
methods are In particular a very high drying air temperature and a short duration of 
5 the treatment The Inside of the daim is fitted with flights that by rotation of the drum 
lift the material and shower R down through the drying air. The motion of material 
and drying air is concunrent Temperatures as high as SOD'C may be used. The 
material does not reach air temperatures due to evaporative cooling. The capacity of 
a drum dryer depends on rate of airflow, rate of material, moisture content and 
10 drying air temperature. 

The drying conditions when drum drying disintegrated chicory roots has to be 
^5. : - J ^'^dapted to the size and water content of the chicory roote. If it Is diffFIcult to obtain.a 
. Ar:^.>>;i£^;:^s"uflnclentapwimoisture content of the chicory roots tlie chicory roots can be driscj 
V - V .-s©veraI.tim.es.{2-5 times) in the dfumjDiryer..iiTtqfriiptQd by a cooling period within or . 

outside of the drum dryer. 

The drying air temperature Is of outmost importance as the material temperature 
may not exceed a level where the compounds of importance (e.g. inulin and other 
20 saccharides) will be decomposed. In a drum dryer one preferred combination of 
treatment conditions are a temperature of about 300*C and a treatment time of 
about 5-10 minutes. This will resulted in a maximum material temperature of about 
65«C. 

25 The temperature of the drum dryer or other drying means may be between 50 to 
800 •C, the tow temperature resulting in long term treatment (hours to days) of the 
entire chicory roots or disintegrated chicory roots (everything fifom flour to sections 
up to 20 cm in one direction) and the high temperatures resulting In short terni 
treatment (seconds to hours). 
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Preferred pieces of chicory roots are sliced sections of the roots. It Is not to be ex- 
pected the slices can be perpendicular to the main dirsction of the chicory root. The 
slices may be anything between e.g. 0.5 and 10 cm in each dimension but smaller 
as well as larger dimensions may occur, preferred Is between 1 and 8 cm In each 
dimension, more pratened Is between 1.5 and 5 cm in each dimension. The main 
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part of the of the chicory root pieces to be dried may have dimensions between 
about 1 and 2 cm in eac^ dimension, about 2 and 3 cm In each dimension, about 3 
and 4 cm in each dimension, about 5 and 6 cm in each dimension, about 2 and 5 cm 
in each dimension, about 2 and 8 cm in each dimension, about 3 and 5 cm in each 
dimension, about 3 and 8 cm in each dimension. 

The temperature of the drum dryer or other drying means may be between about 60 
"C to 800 *C as mentioned above, such as between about 50 to 800 *C. be- 
tween about 100 to 200 •C, between about 200 X to 300 *C. between about 
300 to 400 between about 400 to 500 •C, between about 500 •C to 600 
•C, between about 600 'C to 700 •C, between about 700 "C to 800 'C. 

Tlie temperature of the drum dryer or other drying means may be at least about 
soy, at least about^iobx. ^ teasl afeoutl'sox, at It^st about 20dx; at least' 
about 250*C. at least' atiout SOti^c; at Irasfabout 350'c/ at'least about '40b'»c'* at 
least about 450X, at least about 500'C, at least about 550**C. at least about 600*C. 

least about 650-C, at least about 700*C, at least about 750»C. at least about 
800*C. 

The temperature of the drum dryer or other drying means may be less than about 
900*C, less than about 850''C. be less than about 800"*C, less .than about 750'C, be 
less than about 700"C, less than about 660'C, be less than about 600°C. less than 
about 550X. be less than about 500'*C, less than about 450'»C, be less than about 
400'C, less than about 350"C. be less than about 300»C, less than about 250»C, be 
less than about 200X. less than about 150*C. be less than about 100*»C. less than 
about SO^'C. 

The temperature of the daim dryer or other drying means and the time of treatment 
must not result in a maximum materia! temperature that decompose the compounds 
having the effect as described elsewhere herein, the material temperature may be 
less than about 95X, such as less than about 90'C. such as less than about 85»C. 
such as less than about 80'C. such as less than about 75'C, such as less than 
about 70*0. such as less than about 65«C. such as less than about 60**C. such as 
less than about 55»C, such as less than about 50*C, such as less than about 45'C, 
such as less than about 40*C. such as less than about 35*C. 
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•n» treabnentlime In the drum dryer or other drying means is determined due to the 
size of the chicory root pieces, the water content to be obtained, the temperalure of 
the drum dryer and the maximum material temperature of the chicory root pieces. 
The treatment time may be about 1 min, such as about 2 min. such as about 3 min, 

such as about 4 min. such as about 5 min. such as about 6 min. such as about 7 
min. such as about 8 min. such as about 9 min. such as about 10 min. such as 
about 15 min. such as about 20 min. such as about 25 min. such as about 30 min 
such as about 40 mm. such as about 50 min. such as about 60 min. such as about 
70 min. such as about 80 min. such as about 80 min. such as about 2 hours, such 
as about 3 hours, such as about 4 hours, such as about 5 hours, such as about 6 
hours, such as about 7 hours, such as about 8 hours, such as about 9 hours, such 
as about 10 hp^. such as about ia hours, such as about 14 hours, such as about 
.y 16 hours, such as abou^ le.lpurs, sud^.as about iZO hours, such as about h hours. - • 
. such as about 24 hours,;such a^ aijout 26 hours, suph as about 28 hoiirs. such as . 
about 30 houre. such as al»ut 32 hours, such as about 34 hours. 
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The chicory root product of the invention can be a product, wherein the chicory root 
product is a disinlegraled product, such as a powder, flaicas. pulp, siloes, flour, and 
pallets. The chicory root product can be disintegrated befbia a possible production 
process or the processed chicory root product can be disintegrated at a stage within 
the processing steps or followed processing. One example of drying of chopped 
chicory roots Is ateo^forS days ma heatmg chamber, which results m 3-t % 
water content The chicory roots can be homogenised, cut into strips, planed or 
25 disintegrated to other ways. 

The chicory root product of the inventibn can be a product, wherein the chicory root 
product comprises fi«sh chicory roots. By fiesh Is meant a period of time irom the 
chicory plants has been harvested to some months of storage such as 1 month, e.g. 
2 months, such as 3 months, such as 4 months, such as 5 months such as 6 
months, such as 7 months, such as 8 months, such as 9 months, such as 10 
months, such as 11 months, such as 12 months. At the storage period the chicory 
roots can be stored at opficms where the roots do not ensDage. and/or femtent 
and/or dry. Some of the roots wilhm the storage pile can locally ensilage, f^ent or 
dry. which is accepted. One storage option is to collect the chicory loote in heaps or 



30 



35 



wo 2004/084644 



PCT/EP2004/050355 



28 



pHes at conditions preventing silage fonnation, fermentation or drying. A certain 
degree of drying is acceptable, such as loss of 50% of the water content of the 
IresMy harvested chicory roots. 

5 Fractions of chicory roots 

The chicory root product of the Invention can be a product, wherein the chicory rcot 
product comprises a fraction and/or an extract of chiooiy roots. The fraction of the 
chicory root product comprises inulln and dlgofructose and at least one other com- 
10 pound from the chicory roots. 

As mentioned elsewhere the chicory root product need not only to be produced from 
chicory roots or parts of cWwcy, plants:*. To produce a chicory root |Hoducl iraction 
and/or extract of chicory riowpte^^^^ ^ 

Extract can be produced byextraction of compounds In an aqueous mbdure of disin- 
tegrated chicory roots and a liquid or in a mixture of different ib|ulds. The disinte- 
grated chicory roots are described above. 

20 The fraction and/or extract of chicory root preferably comprise Inulin and 
oligofructose fractions and a low molecular weight fraction comprising coumarins 
and/or sesquiterpenes. The fraction and/or extract of chicory root can also comprise 
other secondary metabolitas as mentioned below. 

25 Secondary metabolites 

Secondary metabolites are compounds which are not a part of the primary metabo- 
lism of the organism e.g. they are not amino acids, carbohydrates, lipids and nucleic 
adds. The secondary metabolites in chicory can be divided in several chemical 
30 dasses: terpenes. phytosterds, polyamines. coumarins and flavondds. The content 
of secondary metabdites In a plant can vary according to season, giowtti conditions, 
variety, anatomical part of ttie plant, age of the plant and degree of attack of insects, 
herbivores or plant diseases e.g. bacteria or fengi. 
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PrBferred secondary metabolites of chicory root fracUons of the Invention are 
selected from the groups mentioned !n the Ibllovwng paragraphs: 
Terpenes: Sesquiterpene fecftines; 8-Deo)^ctucin, crepidiaside, laducln. laduplo. 
rin, crepidraside. ll-MS-dihydrolactucin, picrislde. sonchuslde A. sonchuslde C. 
clchoriolide A. cfchoriosides A, cfchorioside B. cichortoside C and lactucopicrin. 

P/}ytostoro/5:8ftosteroi, sOgmasterol, and campersterol. 

Coumarlnes: Esculetin (^aesculetfn). esculin (the glucon of esculetin), cichoriin-6'-p. 
hydrcxxyphenyl acetate and dchorila 

Flavonolds: Luteolln 7-glucuronlde. queroetin 3-galactDsIde, quercetin 3- 
glucuronlde. kaen1^Wisro|::3^IiicosW^^ haempferol S^liacuronrde, isorhamnetin 3- 
glucuronide.!^ ij: ,.f:j* r- , • ^...i.. - 

Anmocyanms: Cyanfdln 3.0-W6-o.ma!onyf).D-g!ucopyranoside and four dalphinidin 
derivatives. 



Caffeic acid derivatives: Caffeic acid, chicoric acid, and chlorogenic add. 

Polyamines (biogenic amines): Putresdne, spermidine, spermina 

IWore preferred Is secondary m^aboiites selected from the groups of terpenes. 
coumarines and caffeic add derivatives. The most preferred secondary metabolites 
from these groups comprises: 

Terpenes: Sesquiterpene /actones; 8-DeoxyIactudn. crepidlaslde. lactucin, laduplo. 

rin, crepidraside. H-p-IS-dftydroladudn, picrislde. sonchuside A, sonchuslde C, 

dchoridide A. cichoriosldes A, cichorioside B and dchorioslde C. 

Coumarines: Cichorlln-6'-p.|iydroxyphenyl acetate. Esculetin (^esculetin), and es- 

cuiln. 

Caffeic add derivatives: CafRaic add. and chicoric add. 

The content of B-Deoxyiadudn In the chicory food product may be at least 0.02 % of 
the dry weight, more preferred at least 0.04 %, further preferred at least 0.06 %. 
most preferred at least 0.06 %. 
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The content of Lactupterin in the chicory food product may be at least 0.05 % of the 
dry weight, more prefarred at least 0.07 %, further prefBrred at least 0.09 %. most 
preferred at least 0.1 1 %. 

The content of Lactudn In the chicory food product may be at least 0.01 % of the dry 
weight, more prsfened at least 0.03 %, further preferr^ at least 0.05 %, most pre- 
ferred at least 0.07 %. 

The content of Crepldiaside in the chicory ibod product may be at least 0.01 % of 
the dry weight, more prsfiarrad at least 0.03 %, further preferred at least 0.05 %, 
most preferred at least 0.07 %. 

,The content: of Lactuooplcrln in the chicory food product may be at least 0.01 % of 
the dry weight; more prsfiarred at least 0.03 S^, further preferred at least 0.05 %, 
most prafarred at least 0.07 %. 

The content of 11-p-13-Dihydroiactucin In the chicory food product may be at least 
0.005 % of the dry weight, more prefbrred at least 0.007 %• further preferred at least 
0.009 %, most prefidnred at least 0.01 1 %. 

The content of Picriside B in the chicory food product may be at least least 0.01 % of 
the dry weight, more prsfsnred at least 0.03 %, further prefenred at least 0.05 %, 
most preferred at least 0.07 %. 

The content of Sonchuside A in the chicory fiood product may be at least 0.008 % of 
the dry weight, more preferred at least 0.01 %, further preferred at least 0.015 %, 
most preferred at least 0.02 %. 

The content of CIchorfolide A In the chicory fbod product may be at least 0.001 % of 
the dry weight, more preferred at least 0.003 %, further preferred at least 0.005 %, 
most preferred at least 0.007 %. 
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The content of Cichorioside A in the chicory food product may be at least 0.005 % of 
the dry weight, more prefened at least 0.007 %. further preferred at least 0.009 %, 
most preferred at least 0.01 1 %. 

5 The content of Sonchuside C in the chicoiy food product may be at least 0.01 % of 
the dry weight, more preferred at least 0.03 %, further preferred at least 0.05 %, 
most preferred at least 0.07 %. 

'The content of Cichorioside B In the chicory food product may be at least 0.02 % of 
10 the dry weight, more preferred at least 0.04 %, further preferred at least 0.06 %, 
most prefen-ed at least 0.08 %. 

Thp contentof. Cichorioside C in the chicory food procfeict may be at toast 0.02 % of 
H ; V the. dryrwelght, , more prefened at. least 0.045J5'tf{ ftirther prafenBd at least 0.06 %i 
• ■-15^ ' m05tipreferrBtfatieast0:0ff %; • i- X * - ' . - - % 

In an embodiment the chicory root product may contain two or more secondary me- 
taboIitBS of the types mentioned above in concentrations as mentioned. 

20 SkdXole 

Another aspect of the Invention is a method for reducing the skatole content in 
animals, said method comprising fiseding to a animal a chlocny root product for at 
least one day such as at least two days prior to slaughtering. With regard to this 
25 aspect, It can be combined with the characteristics described above, especially in 
conditton to feeding of animal and production of chteory root product. 

By feeding animals with the chicory feed product the skatole content of blood 
plasma is reduced by at least 25%, more preferably at least 40%, more preferably at 
30 least 50%, more preferably at least 75%. more preferably at least 80%, more 
preferably at least 90%, more preferably at least 95%. more preferably at least 98%, 
more preferably to substantially 0. Surprisingly the reduction of skatole in the blood 
plasma is greater than expected. 
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It is piBferred that the method of feeding animals with chicory root product is one 
wherein the skatole content of k>lood and/or fat is reduced to below the unacceptable 
human off odour and flavour sensory threshold and maybe even to zero in meat 
produced from the animals, this is of additional importance as sicatote functions as 
5 an enhancer of the sensory off-odour/flavour producer androstenone and maybe 
other off odour/flavour components of unloiown origin. 

Preferred is that the skatole content of baclcfat and/or meat is reduced by at least 
25%, more preferably at least 40%, more preferably at feast 50%, more preferably at 

10 least 75%, more preferably at least 80%, more preferably at least 90%, mors 
preferably at least 95%, more preferably at least 98%, more preferably to 
substantially 0. 

. - -C' '* ■ ^ ;V•■:V^:: •-•>;*i'f;. ^ , . 

•^.;r v Also preferred is that the sioatole ccmtofR^ is reduced. Slcatole in manure 

15 M. (mixture of faece^iarrd urine) can t)e plcl<ed up thniugh the sldn when the animals tie 
In or roUAwallow in the manure QHansen et al., 1994). Some animals lie in manure to 
be cooled in the summer, this espedaliy concerns pigs. By this contact between skin 
and manure the skatole is absorbed through the skin and (urther transported to the 
bfeod, fet and meat In this way the skatole content In animate can be too high and 

20 influence the meat quetfiiy e.g. boar taint. Also female and castrated male pigs can 
obtein a too high content of skatote in the blood, fet and meat e.g. by upteke through 
the skin (Hansen et al., 1994 & 1995). Reduction of skatole content of backfet and 
meat of female and castrated male pigs are preferred. 

25 The chicory root product also has an effect on female and castrated male animals 
resulting in a reductten of skatole content of blood, fet and meat too. 

Androstenone 

30 The inventors have surprisingly discovered that the amount of androstenone in the 
blood might be significant lowered by feeding animals with the chicory root product, 
thus another aspect of the invention is a method for reducing the androstenone 
content in meat and/or fet and/or blood said method comprising fieeding to an animal 
a chicory root product for at least one day such as at least two days. 
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Preferred is that the androstenone content is reduced by at least 10%. more 
preferably at least 2S%. more preferably at least 40%, more preferably at least 50%, 
more preferably at least 75%, more preferably at least 80%, more preferably at least 
90%, more preferably at least 95%. more preferably at least 98%. 

Preferred is that the androstenone content In blood, meat and/or fet is reduced to 
below the human ofF odour/flavour sensory threshold around 1.0 ppm in bacWat 
However, the off odour/flavour sensory threshold is different from one person to 
another. Furthermore the off odour/flavour sensory tlveshold Is unknown when 
skatde concentration is nearly zero. 

It is further preferred that the method as described is used until the animal is 
. sutisequentiy slaughtered.- . . ^^ r; • . . 

.-ThiB' aspectv'of thQ iBhvention compiising. ©.method for reducing the androstenone 
center^ In meat, and/or fet and/or blood can be combined with any characterisGc of 
animal and chicory root product as described elsewhere herein. 

Sensory characteristics 

Another aspect of the invention Is a method for Improving the odour, flavour, taste 
and aftertaste of meat from a human sensory perspective, said method comprising 
feeding to an animal a chicory root product for at least one day such as at least tuvo 
days prior to slaughter. 

The improvement of sensory characterisUcs comprises reducQon/removal of 
negative boar teint related sensory characteristics defined as Unaocepteble and 
having a Decreased Overall Impression and dasslHed as: PIggy/Animaly-odour and 
flavour, Manure/stable-odour and flavour, Uvestock/Bamey-flavour, Coolced 
ihrer/Organy-flavour. Musty-odour. Urine^our, Sweat-odour. Rat Bitter-aftertaste. 
White pepper-flavour, Chemical/medicinai-afterteste. Also the improvement of 
sensory characteristics comprises reduction/removal of negative lipid oxidation 
related sensory diaracteristics classified as: Cardboard-odour and flavour and 
Unseed oil-odour. 
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Also the Improvement of sensory characteristics comprises increasing the relative 
levels of posltfva sensory characterisUcs defined as Acceptable, having and and 
Increased Overall Impression and classified as: Fresh oooted poric meat like-odour 
and flavour, Sweet meaty-odour. Sweet-taste. Umaml-tastG, Meat/Gamey-odour and 
5 flavour. Herby-flavour. Splcy-flavour and Heatfepicy aftertaste, Nutty-odour. Metallic- 
flavour. Meat/Gamey-flavour. Herby^lavour, Spicy-flavour. Lactic/fiesh sour-flavour. 

Moreover, the impreivement of sensory texture characteristics defined as Acceptable 
and increasing Overali Impression can be classified as a decrease in Haidness- 
10 texture with a resultant relative increase In Tenderness and Juiciness texture 
attributes. The relative increase in Tenderness and Juiciness taxtura attributes may 
be involved in improving acceptability. 

Reduction of sensoryt.iinacceptable: characterisUcs Is of Interest in production: of 
15 • m^ anrraals wherGinithe animal 4s ainaminant such as cattle,, buffelo.rshesp, and 
goat. 

Improving the odour, flavour, taste and aftertaste of meat and meat products is of 
interest In animal production where the animal Is a monogastric species. 

20 

It is further preferred that the monogastric animal is an animal used for meat such 
as pig, poultry, rabbit, hare, more preferably wherein the monogastric animal Is a 

pig. 

25 The aspect of the invention comprising a method for improving the sensory 
characteristics as defined above In odour, taste and flavour and aftertaste of meat 
from a human sensory perspective can be combined with any characteristic of 
anim^ and chicory root product as described elsewhere herein 

30' Stable malodour 

Another aspect of the invention is a method for reducing malodour. said method 
comprising fiaeding a chicory root product to animals fbr at least one day such as at 
least two days. 

35 
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Reduction of malodour can be caused by a relative reduction in skatole and/or p- 
cresole and/or indole in the gastrointestinal tract of tlie animal. 

Reduction of malodour directed to the environment especially In areas where 
5 humans are living has been performed by different methods as mentioned above. 
With the chicory root product as food for the animals, the reduction of matodour Is 
obtained by elimination of the problem at the source, that is by avoiding the 
production of the offensive-smelling compounds or reducing the amount of said 
compounds to a level, which is not peroelved as a malodour by humans. Heretiy 
10 expensive equipment to reduce the malodour from the air e.g. from stables before 
emission to the surroundings, can be avoided. 

Reduction 'Of malodour can be caused t>y a relative increase in the ammmt of 2- 
•■"W ..pentarion-and/orethylbutyrata' and/or propylproplonate and/or prepylbutyrate and/or . 
' 15 V • • butanoicacid 2^methy1«6thylester. in the gasirointestinal tract ioftha animal. : 

Reduction of malodour can also be caused by a reciprocal change in the relative 
amounts of odorous compounds ie. decrease in slcatole and/or p-cresol and/or 
indole and Increase In the amount of 2-pentanon and/or ethylbutyrate and/or 
20 propylproplonate and/or propylbutyreta and/or butanolc acid 2-methyl-ethylestBr in 
the gastrointestinal tract of the animal. 

Reduction of malodour is of interest in production of animal wherein the animal Is a 
ruminant such as cattle, buflafo, sheep, and goat 

25 

Also reduction of malodour is of interest in animal production where the animal is a 
monogastrte species. 

it is preferred that the monogastric animal is a furred animal, such as mink, fox, rat, 
30 mouse, muskrat, rabbit, hare, wolf, dog. 

It Is forther preferred that the monogastric animal is an animal used for meat, such 
as pig, poultry, rabbit, hare, more preferably wherein the monogastric animal is a 

35 
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Keduction ot maiodour can occur within the animal with different influences on the 
surroundings. The surroundfrig Is most influenced when the anbnal is Indoors, 
according to the Invention prefen^ is wherein the maiodour is stable maiodour and 
the animal Is kept in a stable. Preferred Is when the maiodour is manure maiodour 
and the manure originates finom animals fed with the chicory root product 

Reducing maiodour in manure Influences both the conditions In stables and 
outdoors. When manure is collected and stored e.g. in slurry tenk. until it can be 
spread on land or fi^d, maiodour firom the slurry tank is possible, also when 
spreading the manure or slurry on the fields maiodour often occurs. Feeding the 
animal with the chicory root product reduces these maiodour problems. 

The aspect of the Invention relating to a rpethod for reducing nialodour can be 
combined with any characteristic of animal dnd chicory jpot prddiict'as; described 
elsewhere herein. ' ..(*.'•. ;* ' 

Infections 

Another aspect of the invention is a method for reducing the amount of infections of 
the gastrointestinal tract in a non-human animal, said method comprising feeding to 
a non-human animal a chicory root product for at least one day such as at least two 
days. 

Reducing Infections of animals is an un-expected eftect of the chicory root product, 
and it reduces the need for administering medicines to the animals such as 
anthelmlntks. This is especially Important in organic production ^sterns. Both in 
organic and non-organic production systems the use of chicory root product as feed 
will increase animal welfare. The chicory root product Is a cheap alternative to the 
medicines. 

Preferred is a method for reducing the amount of infections of the gastrointestinal 
tract, where the infections are parasites. 

Further prefsnred Is a method for reducing the amount of Infecttons of the 
gastrointesGnal tract, where the parasites are worms. 
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One way of measuring reduction of EnfecUons is when the reducUon Is a reduction of 
the number of eggs in the animal fiaeces. 

Prefened is reducing the amount of Infections where the Infections are 
mlcfobiologrcal infections selected from Cdl. Salmonella, Campytobader and 
Yersinia 



Further preferred Is reducing the amount of infections where the infections are 
10 nematode Infections selected from Asca/is suum, Oesophagostomum dentatum, 

Oesophagostomum quadrispfnuiatum. Oesophagostomum brevlcaudum. 

Oesophagostomum granatens^, Oesophagostomum geotglanum, Hyostrongylus 
. . nJbfdusiTrichurissu!s,an(i.Stroagylokiesrahso^^ 

■15 - - The aspect of the Invention comprising a mettiod for reducing the amount of 
infections of the gastrointestinal tract in a non-human animal can be combined with 
any characteristic of animal and chicory root product as descr9>ed elsewhere herein. 
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Products 

In an aspect of tiie Invention Is described a chicory root product comprising 
components from chicoiy roots, where said components comprises at least inulin. 
one or more low molecular sugars and one or more secondary metabolites. Inulin Is 
considered to be a mixture of oiigofructosaccharides and polyfhictosaccharfdes. 

In an embodiment the chtoory root product further includes fhicto-oligosaccharides. 
Some of these fructo-oligosaccharides may be similar to inulin but are not limited to 
inulin and break down products of Inulin. 



The saccharides In the chtoory root product may have from 2-200 sugar units, such 
as from 2 to 20 units, such as 20-40 units, such as 40-60 units, such as 60-80 units, 
such as 80-100 units, such as 100-120 units, such as 120-140 units, such as 140^ 
160 units, such as 160-200 units. Preferred Is 2-20 unite, 20^0 unite and 40^0 
unite. 
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The oligofhictosaccharides and polyfiructosaocharides may be branched or non- 
branched, preferred non-branched saccharides. 

In an embodiment the low molecular sugars of the chicory root product are selected 
5 from but not limited to the group of glucose, fructose, sucrose, maltose, maltotriose, 
mattotBtraose, inuHn, fiructan (fari to odasaccharides). 

In another embodiment the chicory root product also include secondary metabolites 
sheeted finom the group of terpenes, phytosterols, polyamlnes, ooumarlns and 
10 Havonoids. 

The secondary metabolites may be selected from the group of Sesquiterpene 
. ; .Jalbtones sObh as .843eoxylacludnr*crepidteeide,. 4actudn, lactupic^^ crepidraside. 
11-p^13-dihydrolactucln. pioiside, sonchuside A, sonchuside C, cichoriolide A. 

15 cichoriosides A, cichorioside B and'Cichorioside C;' PhytosteiX)ls such as Sitosterol, 
sUgmasterol, and campersterol; Coumarines such as Esculetin (s^aesculetin), 
esculln (the glucon of esculetin), cichoriln-6*-p-hydroxyphenyl acetate and cichoriin; 
Flavonoids such as Luteolin 7-glucuronide, quercetin 3-galactostde, queroetin 3- 
ghjcuronlde. kaempferol 3-glucoside, kaempferol 3-glucuronide, isorhamnetin 3- 

20 glucuronide; Anthocyanins such as Cyarddin 3-0-p-(6-o-malonyl)-D-gluoopyranoside 
and four detphinldin derivatives; Caffelc add derivatives such as CafFeic add, 
chicoric add, and chlorogenic add; Poiyamines (biogenic amines) such as 
Putrescine, spermidine, spemtine. 

25 The chicory root produd as described herein, may have the concentration of low 
molecular sugar, inulln, and secondary metabolites as described elsewhere herein. 

In an embodiment of the chicory root produd the components firom chicory 
comprises at least 50 % of the chicory root produd. 

30 

The chicory root produd as described may contain chicory roots that are dried. 
Drying processes may be one that are generally known in the art, especially drying 
processes used for drying sugar beets, sugar beet pulp and grasses are suitable. 



35 



In the production of the chicory root produd the chicory roots may be firacUonated. 
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The chicory root product as described may further comprise adds used for 
conservation of organic fised components. 

5 Another aspect of the invenUon is the use of chicory roots as a feed product for 
"grown up* (» 7 weelcs) pigs. 

The aspect of the invention comprising use of chicory roots as a feed product for 
^grown upr pigs can be combined with any characteristic chicory root product as 
10 described elsewhere herein. 

Another aspect of the invention is a use of chiccry roots for preparing a feed product 
\ ir\r:f for ?grpwn -Up" pigs. *'-.;-v:'''r*V:-.«;Vr^»'; -^i - ■ 

' .15' . The aspect of tthe invention :comprising us0*of:chioory roots as a feed product for . 
"grown up" pigs can be combined udth any characCertetic chicory root product as 
described elsewhere herein. 

Another aspect of the invention is the use of chicory roots for preparing a product for 
20 the prevention of boar taint. This product may be a food product 

The aspect of the invention comprising use of chicory roots for preparing a product 
for the prevention of boar taint can be combined with any characteristic chicory root 
product as described elsewhere herein. 

25 

Another aspect of the invention is a use of chicory roots for preparing a product for 
reduction of skatde content in pigs, in particular in boar fet 

The aspect of the invention comprising use of chicory roots for preparing a product 
30 for reduction of sicatole content in pigs can be combined with any characteristic 
chicory root product as descn^bed elsewhere herein. 

Anotiier aspect of the invention is a use of chicory roots for preparing a product for 
reduction of androstenone in pigs. 

35 
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The aspect of the invention comprising use of chicory roots for preparing a product 
for reduction of androstenone In pi^ can be combined with any diaiacteristic 
chicory root product as described elsewhere herein. 

Another aspect of the invention is a use of chtoory roots for preparing a product for 
reduction or prevention of gastrointestinal trect infecttons in pigs. 

The aspect of the invention comprising use of chicory roots for preparing a product 
for reduction or prevention of gasbofritestinal tract infections in pigs can be 
combined witii any characteristic chicory root product as described elsewhere 
herein. 

\Exam|!>les . [ .i- v*iv.vv;.c.^ ' .r.-.. . 

■Exampla-1 •.•ir/v;'5^-.>v^^^ - 

Feeding with chicory roots reduces the amount of odorous compounds in 
colon contents of pigs 

Aicohois and carboxytio acids are compounds with relatively negative odour 
impressions. When aicohois and caiboxyltc acids react, pleasant smelling esters are 
created and the result can be a less offensive odour impact This can be iilustratsd 
by the reaction between ethanoi and butyric acid, which results In ethylbutyrete, or 
by the reaction between propanol and butyric add, which results in propyibutyrate. 

Animals and feed 

The inulln content of chicory roots (variety Orchies) for the pig odour experiment 
was 15% on wet basis and the content of feed units for pigs was 27 FUp (pigs) per 
100-kg chicory roots measured by chemical analysis. The experiment is a subset of 
an experiment, whtoh consisted of 4 treatments each of eight pigs. The 32 pigs (16 
intact male and 16 female pigs) were kept in littere of 8 pigs and fed 100 % organk: 
concentrate and semi ad libitum grass silage the first 5 weeks. From week 6 the 32 
pigs were distributed to the four treatments according to litter and sex in Individual 
pens. Treatment 1 and 3 were selected for the present odour study as they 
represented the extremes of the treatments (Table 3). Treatment 1 was a 
(conventional) control group given 100-energy % organic concentrate and no 
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roughage from week 6 until slaughter. Composition of the organic concentrate diet 
during the whole experiment was (g/lcg): 145.5 rapeseed cake, 240.0 peas organic, 
223.0 wheat organic. 220 barley organic, 50 oat organic. 100.0 GMO-free toasted 
soybeans. 2 Sv.vit-411 organic, 3.75 salt, 12 limestone and 3.63 monocaicium 
phosphate. The concentrate diet oontabied 8.57 MJ net energy (1.11 feed units 
(FUp)) and 149 J g digestible protein per kg food. The 25 % blended organic chicory 
roots on energy basis plus 70 % organic concentrate were given from week 6 until 
slaughter of troatment 3. 

Finally, the pigs were slaughtered 15 weeks from initiation of the experiment for 
measuring meat and eating qualify as well as parasites. The pigs ate the high 
amount of finesh and bitter blended chicory roots without problems after one week of 
-adaptation.by giving ^indivkluaity Increasing amounts of chicory roots during the first, 
week. : • •:::^/::-V ' v' ■ ' ' : . 

The raw GC-MS areas In Table 1 and Figure 1 show that fiaeding pigs with the inulin 
containing chicory roots the fermentation pattern in the colon is shifted from protein 
fermentation to carbohydrate fisrmentation. The result is a change in composition of 
odorous compounds firom the obnoxious protein fermentation products as p-cresol 
and skatole to the less offensive esters. The PCA-piot also confirms that the 
fermentatton product pattern is well separated and mostiy controlled by p-cresol and 
butyric acid. 
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Table 1. GC-MS an 
control fed fattenlnp 
Treatment 



Of selected compounds fiDm the colon in chicory roots and 



1 
8 



3 



No. of pigs 
Food components 



100 % organic 
concentrate 



70 % organic 
concentrate plus 25 
% chicory roots 



Compound: 
DImethylsulfide 
2-Butanon 
Acetic acid 
2-Pentanon 
Dimethyldisulflde 
1-Pentanol 

2- Methylpropanolc 

acid 

• " 'Eihylbufyi^ie''(estef) 
. Propylpropips:iata 

. (ester)' 
' Butanoicacid* 
Butanolc add, 
2-methyl-,ethylest0r 
Propylbutyrat (ester) 

3- Methylbutanolc 

acid 

Oimethyltrlsulfide 

p-Cresol 

Indole 
3-methylindole = 

skatole 



LSMEAN Std.en". 

83736 6827 

54274 7681 

252338 42504 

22742 7513 

132354 52309 

29277 6201 



LSMEAN Std.err. 

48145 6076 

59512 9088 

286741 50292 

48500 8889 

128911 61893 

47543 7337 



43571 9416 29886 11141 

* 50^6 ' '2^26 48440 33161 

23718 40419 174429 47824 

93559i3 118921 878861 140710 



2663 



1599 8679 1692 
1145 7760 1355 



96309 12822 64413 

7196 2755 6252 

347725 27566 72516 

19943 2487 



15171 
3260 
32616 
2942 

25322 4954 3740 fiftfto 



Significant 
drlTeiBnce 
between 
treatments 



Factorial 

ratio 
between 



P-value 

NS 

NS 

NS 
* 

NS 
NS 

NS 

NS 

o 

NS 



NS 

NS 
«* 

C) 



1.74 
0.91 
0.68 
0.47 
1.03 
0.62 

1.46 

0,10 

dl4 
1.06 

0,31 
0.41 

1.50 
1.15 
4.8 
3.0 

6.8 



10 



15 



Although the sensory Impresslbn of a mixture of odourous compounds is a 
combination of all compounds in the mixlune, some of the compounds can have a 
higher impact on the odour Impression due to their low threshold values. In addition 
to the threshold values of the odourous compounds the odour quality of the 
compounds should be talcen Into consideration. The odour quality of a compound 
can change by concentration e.g. skatole has a pleasant flower^ike odbur at very 
low concentrations whereas the same compound Is nauseating at higher 
concentratfons. In contrast some groups of compounds have a iBlatively pleasant 
odour description, even at higher concentrations e.g. esters, which usually have 
fruity odour notes. By dividing tiie raw GCMS data by the odour thresholds of 
selected compounds we try to Illustrate the Impact of odours with widely different 
Odour thresholds (Table 2 and Rgure 2 and 3). As the reported values in the 
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literature of odour tnrestiolds can vary widely the Figures 2 and 3 is illustrating the 
extremes. By incorporating the odour thresholds in the raw data an illustration of the 
Impact of sensory impression of the mixture is created, in contrast to the individual 
compounds. In both figure 2 and 3 the chicory fed pigs are more confined than in the 
6 raw data, in contrast to the control fed pigs, which are more scattered. The chicory 
roots are therefbre able to control the production of odorous compounds In the 
colon, and effectively turn the fermentation from protein fermentation to 
carbohydrate fisrmentation. 

1 0 Table 2. Odour descriptor and odour thresholds in air of chemical compounds. 





Odour descriptor 


Odour threshold air, mg/m3 






Low (4) 


HlQh 


DImethylsulfide 


Cooked vegetable, garlic, 






y(am.6thylth.Iome1hane) . 
/.2-Butanon. . 


hydrogen sulfide (1 ) ... 


0.002 • 


0.65 , 


Acetone, varnish (1) 


0,75 


250 


' /U^tic aSd • • • . 


Vinegar (1) 


0,025 


76 


.'2TF^ehtanon. :v -r. V/' 


.. Jasmine, Qeranlum, vaiplsh (1) 


> 11 


48 . 


Dimethyldisuffide 






(smethyldllhiomethane) 


Decayed vegetables (3) 


0.003 


0,029 


1-Pentanol 


Alcohol, medidnal (1) 


0.1 


1100 


2-Methytpropanoic add 




(-Isobutyric add) 


Sweaty, bitter, sour (1) 


0.00072 (3) 


0.0072(3) 


Efliylbufyrate 


Butter, sweetish, apple. 


(=Efhylbutanoate) 


perlumed (1) 


0,13 


0.28 


Propylproplonate 


Complex fn% odour (apple 


(^propj^rx^ianoate) 


banana) (2) 


0,23 


0,26 


Butyric add (butanoic add)Buttery. cheesy, sweaty (1) 


0,0004 


9 


Butanoic add,2-mefhyl- 








,ethylester (*) 








Propylbutyrat 


Pineapple, apnoot(2) 






3-M6thylbutan«c add 






(=i$ovalericadd) 


Cheese, sweaty (1) 


0,005 


3 


DlmefhyltiisuHide 




(=methyltriaiiomethane) 


Fra^anion(2) 


0,0073 


0,0073 


p-Ciesol (4-m6myl-phenol) Phenol lite (2) 


0,00005 


0.04 




Roral (highly pure) othenvlse 




Inddle 


fecal (2) 


0,0006 


0,0006 


3-MelhvIindole 


Fecal (high concentration) floral 




flow concentration) (2) 


0.00035 


0.1 



(1) : Meilgaard, 1975 

(2) : Fenaroli's Handbook of Flavor Ingredients 3. Ed. 1995 

(3) : Z&hnetal.2001 

C) Ethyl-2-methyIbutyrate is mentioned In Fenaroli's but not with odour descriptor. 
15 (4) Gemert+Nettenbreyer, 1977 

In addition to the reduction of the odorous compounds, the feeding with chicory 
roots may reduce the production of ammontei. The fsmtentation of Inulin in the 
caecum and colon of pigs results in production of short chain fatty acids. The higher 



wo 2004/084644 



PCT/EP2004/0S0355 



44 



amount of short chain fetty acids reduces the pH. This reduction has a positive 
influence on the retanUCn of ammonia In the faeces and manure. This results in an 
improved environment in the stable and in the surroundings (i^^nis and Jongbloed. 
1999; Sutton et al. 1999). The ammonia en^ion Is further reduced as the bacterfa 
switch firom pralein-fismientaUon to carbohydrate fennentation when feeding with 
chicory roots. Rirthermore. as the bacteria grow the nitrogen wBI be used fbr 
production of proteins in the bacterial biomass and Is therefore not avaUable ibr 
production of ammonia or odorous compourxb. 



10 



It is not necessary to completely eliminate the presence of odouous compounds In 
the colon of pigs to reduce the odour impact on ambient air quality. fUe reduction 
should only be sufflctent to improve the ambient air quali^ to an acoepteble level. 
,irhe: arnount of. chicory roote necessary fbr a sufficient reduction ; of .odourous 
. .. : ■ • ^mpcimds in the colon contents of pigs remains therefore to be determined. If the 
15:, -,- >:amount of. chicory rools necessary for. suificient reduction can ba reduced the 
method wni be more cost effective. In addition to the odour-iaduclng effecte the 
chicory roote have following benefite: Easy to grow In the present agricultural 
systems, can be handled by equipment used for other crops as sugar beete, is in it 
self a vduaUe feed component, and contain bioactive secondary metebolites (Bais 
20 and Ravishankar, 2001). 



Tabte 3. Bcperfmental design for the final feeding period of the 2 treatmente i^ng 

with or wKhoU the Chicory roote for difBwnt perfatte Ihw. 55 -120 kg Hve weight (9 
25 weeks). 

No.ofpte8 Food composition and energy Roughage ' 



level compared to send ad li>. 
(100 %) (iiom 55 - 120 kg) 



1 


8 


100 % organic concentrate 


None 




4f8mafe 








4 male 






3 


8 


70 % Organic concentrate 


Chicory roots 




4 famale -i- 


+ chicory roots (25 %) from 55 


(2.1-3.0 kg per day) firom 




4 male 


kg until slaughter 


55 kg until slaughter 
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Collection of samples and sample preparation 

Immediately after slaughter, the gastrointestinal tract (GIT) was removed and the 
colon and rectum was separated from the rest of the GIT. The contents from colon 
5 and rectum was quantitatively transfenred to a basket and mixed so a representative 
sample could be obtained. The samples were stored at -20^C before preparatkm for 
analysis. To prepare the samples for analysis 3 gram were transfenred to 10 ml vials 
with addition of 3 ml saturated NaCI. the samples were mixed and stored at -80^C 
before analysis. The saturated NaCi was added to Increase the transfer of volatiles 

10 to the gas phase and to stop further microbial activity in the samples. On the day of 
analysis the samples were transferred to an oven hold at 40X (approximately the 
body temperature of pigs) and thawed and equaibratsd at this temperature for 25 
/;f^'trc>^ i-;m^^ occasional shaking to increasa -ihe . transfer .of volatiles. finom the 

\ :medlum to the headspace. For extraction a solid phase microextractlon. (SPME) 

16 . fiber (75:fMm polydimsthylsiloxane/caibpxen/ 'Supelco) Awas- exposed to the 
headspace for 1 minute and immediately transfenred to the Injection port of the gas 
chromafograph for desorption. 

QC-MS measurement of volatiles 

20 The gas chromatograph was a Varian model STAR 3400 CX. The column was a 
HP5-!^S (Agilent) 30 m long, 0.26 mm infernal diameter and with a 0.25 pm film 
thickness. Injection temperature was set to 250^0 and the column temperature 
program was as follows: Hold at inWal tempsFature 3S°C for 10 minutes, then 
Increase to 130^0 with 3'^minute. finally increase to 250''C with a rate of 

25 40*'C/mlnute and hold at this temperature for 5.34 minutes. The canrier gas was 
helium with a linear flow rate of 29 cm s'^ at 35°C. the samples were run one at a 
time to secure the samples were treated in exactly the same way. The temperature 
of the transferiine between the gas chromatograph and the mass spectrometer was 
set to 275^. The mass spectrometer was a Varian model Saturn 2000 operated in 

30 electron Impact mode, with the folkiwing settings: detection mass range: 35 to 300 
m/z; mulitplier voltage: 1800, axial modulatton: 4V, trap temperature 200^; and 
manifold temperature of 52**C. 

The compounds were identified by comparison with standard spectra firom 
35 NIST/EPA/NIH or by comparison with spectra from original standards. 
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Statistical analysis 

The statistical analyses were carried out with the Statistical Analysis System version 
8.2 (SAS Institute. 1999-2001 by SAS Institute Inc.. Gary, NC. USA). The QUA 
5 procedure was used to calculate the least squares means and standard error of the 
means for the odour impact compounds from colon. The models Included the fixed 
effect of diet, sex and animal replicate 0Hter) as well as interaction between diet and 
sex (model 1). 

10 Y =M + a<tet + bBttef + c^ + acdief8« + em«^ (model 1) 

Y = diiiieltiytsutf^^^^ add. 2-pentanone. dimethyldisulfide. 1- 

pentenol. 2-methylpropanolc acid. elhyfbiSr^iii-:;^!^ 



The raw date of the GOMS areas of the odour compounds as well as values cor- 
rected for low and high threshold values were ancdysed by the GLM- model 1 to in- 
vestigate the effect of the two diete. 

20 Principal component analysis (PCA) were canled out also using the date of the raw 
GC-MS area, as well as date corrected for low and high odour threshold, to 
investigate the effect of the two diete. FuO cross vsrildation (leave one out) was 
applied. Date analysis was carried out with the software The Unscrambler verston 
7.8 (Camo AS, Oslo, Nonvay). 



Table 1 show the peak mean area of GOMS analyses of selected odour impact 
compounds found in headspace over the colon samples. The compounds 2- 
pentanone, ethylbutyrate, propylpropionate. butenoic acid, ethyi-2-methylbutyrate, p- 
30 cresol. Indole and skatole show significant difference between the two freateiente. 
The esters, which have relatively pleasant odours, are increased in treatment 3 
(factorial difference below 1), whereas the malodorous compounds, p-cresol, indole 
and skatole were decreased in treatment 3 (factorial difference above 1). 




25 



Results 
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The amounts of odour-active compounds found In colon contents does not give a 
realistic impression of tlie odour intensHy of the nilxtura as the various compounds 
can have very dfflferent odour thresholds and odour descriptors. Table 2 shows 
odour threshold values and odour descriptors of the selected compounds found in 
colon contents. The relative odour activity of the individual compounds can be 
calculated by dividing the area of the compound with the odour threshold. Thereby 
can a compound, which is present in low amount result in a high odour Impact if the 
odour threshold is low. The relative 'odour-actlvit/ of the two experimental 
treatments can therefore be oompared. It has not been pos^le to find odour 
threshold values for ethyI-2-methyIbutyrato and propylbutyrate they are therefore 
omitted in the calculations. 



Figure 1 shows the! PCA analjj^ls^of the. dataset.trom .the raw data.. Tiea^ 
. (control) and treatments (chicory addition) ara dearty separated with no ovQriap 
.15, . betWeen-tha tneatmentsj^Tha first principal component (x^'s) is controlled, by p- 

cresol (proton degradaUon product) whereas the second (y-sods) Is controlled by 

butyric acid and propyl propionate which both are degradation products of 

carbohydrate. 

20 The raw data does not give an impression of the odour of a mixture of volatile 
compounds, as the compounds can have widely different odour thresholds. The raw 
data was therefora divMed by the odour threshold values found in the literature 
(Gemert and NettenbreQer. 1977 and Z^n et al. 2001). The values found in the 
literature wary widely, the lowest and highest values have therefore both been 

25 applied to give an impression of the effect on the potential odour impression. Figure 
2 shows the PCAranalysIs of the raw data divided by the low odour threshold values 
to gh^e odour-activity conected values. The two treatmente are dearly separated 
and the dustere of points are more confined, especially with the pigs given a diet 
containing chicory. The first principal component is controlled by p^esol whereas 

30 the second Is controlled by butyric add. 

Figure 3 shows the PCA-analysis of the raw date divided by the high odour 
threshdd values. The pigs fed control diet are more dispersed and overiap the 
chicory fed pigs. In contrary to the controls the pigs fed the chicory diet are highly 
35 confined. The first prindpal component is in this case conbolted by indole (protein 
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degradation product) whereas the second is controlled by dimethyl disulfide, 2- 
methyl propanoic add and to a lesser degree dimethyl trisulfide (all protein 
degradation products). 

5 Example 2A 

Influence of chicory roots on boar taint (slcatole and androstenone) in pigs 

Methods 

10 Animals and feed 

An inulin-rich variety Orchies of chicory (Cichorium IntytHis L. var. Orchies) for fat- 
tening pig diets has been used in this experiment The yield of the organically grown 
crop varied from 30 t/ha in one year and 40 t/ha the following year. The first year the 
inulin content (fhic^t'^iriveri^'f^ of %e varieV Orchies was' aburtdf 150 g 

15 per kg feed and oont^Sd 2.1 1' MJ net enei^y (0.27 feed iiriifs (Flip)) and' 23:4 g 
digestible protein per kg feed of chicdry'^rbotsl lite pigs ate the' hlgli amount of firesh 
and bitter blended chicory roots (from 2.1-3.0 kg per day during the experimental 
period) without problems after one week of adaptation by gMng MMdually increas- 
ing amounts of chicory roots during ttiat week. 

20 

The first of two pig experiments consisted of 40 pigs (20 entire male and 20 female 
pigs), all free of parasite infections. The 40 pigs were kept in litters and fed 100 en- 
ergy % organic conoentrata according to scale (Madsen et al., 1990) and ad libitum 
grass sBage. Ck>mpositk)n of the organte conoentrata diet durhg the whole experl- 

25 ment was (g^g): 145.5 rapeseed cake. 240.0 peas organic, 223.0 wheat organic, 
220 barley organic, 50 oat organic, 100.0 GMO-fnee toasted soybeans, 2 Sv.vit-411 
oiganic, 3.75 salt, 12 limestone and 3.63 monocalcium phosphate. The concentrate 
diet contained 8.57 MJ net energy (1.11 feed units (FUp)) and 149,7 g digestible 
protein per kg food. All 40 pigs were then infected with a specific parasite within a 

30 period of 5 weeks from initiation of the experiments. Eight pigs, four of each sex, 
were slaughtered on the 10*^ Decemt>er due to the parasite experiment. 

5 weeks from initiation of the experiments the 32 pigs were distributed according to 
live weight, litter and sex to four treatments In individual pens (Table 4). Treatment 1 
35 was a conventional control group given 100-energy % organic concentrate and no 
roughage from week 6 until slaughter. Treatment 2 was an organic control group 
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given 95 energy % organic concentrate and ad libitum grass silage from week 6 unta 
slaughter. Tlie 25% blended chicory roots on energy bases plus 70% organic con- 
centrate were given to treatment 3 from week 6 until slaughter. However, the first 
week the pigs had to adapt to eating chicory roots. Treatment 4 was given 95 en- 
5 ergy % organic concentrate and semi ad iibitum roughage from week 6 until week 
12. In week 12 the pigs increased the intake of chicory roots (adaptation period), 
and from week 13 until slaughter of treatment 4. 25% blended chicory roots on en- 
ergy bases plus 70% concentrate were given. Blood samples for measuring andros- 
tenone and skatde In blood plasma were collected in week 5 and In week 14 (one 
10 week before slaughter) of male and female pigs. Finally, the 16 male pigs were 
slaughtered 15 weeks from initiation of the experiment and the 16 female pigs the 
day after. Skatde was measured in backfat. and a sensoric panel evaluated eating 
quality (see Tfiit!te;4): ?r ...i . t ^ 

' IS - - Afler one ^eeic^Qf Adaptation in which the pigs were.fed increasing amounts of chic- 
ory roots, the pigs ate the high amount of firesh and bitter blended chicory roots 
without problems. The health status and production results of tiie chicory treatments 
were as good as the control treatments, and the daily gain corresponded to the re- 
suite of treatment 2. The chicory-fed pigs ate after the one^ek adaptation period 

20 2.1 kg chicory per day from fhB beginning of treatinent 3 and finally 3.0 kg per day 
during the final three weeks of botti treatment 3 and 4. All tiie planned meat and 
eating quality measuremente have been carried out and analysed. Furttiermore, 
several additional measuremente, have been analysed e.g glycogen, driploss. pH, 
temperature, IMinolte colour values L*. a* b* in M, long, db/s/and fatty acids. 
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Table 4. Experimental design for the final feeding period of the 4 treatments fed 
diets with or withotjt bioactive chicory roots for diff^nt periods from 65-120 kg live 
weight (9 weeks). 



Treat- 
ment 


No. of 
pigs 


Food composition and energy level 
compared with 100 energy % ac- 
cordina to scale (55-120 ka) 


Bioactive food 


iNon 
Bioactive 
Control 


8 

4 females 
't'4 males 


100% organic concenfrite ~ 


None 


2 

A. 


8 

4fi3males 
+ 4 males 


95% organic concentrate + ad lib. clover- 
grass silage 


Clover-grass silage 
from 55 kg untfl 
slauahter 


3 

Ctdcoiy 


8 

4fiBmaIes 
+ 4 males 


70% organic conoentiate -i* chicory roots 
(25%) finom 65 kg untD slaughter 


Chhsory roots (2.1-3.0 
kgperday)fh)m55 
kg until slauahter 


4 

Chicoiy/ 


8 

4 females 

-^>+.4,males. 


95% organic concentrate + ad lib. dover- 
giass silage firom 55 kg until 4 weeks be- 
..fore slaughter . 


Clover-grass silage 
ad lib. from 55 kg untD 
4 weeks before 




^70% organic concentrate + adaptation to 
chicory iToots from 4-3 weeks before 
slaughter"' -'^-Vl ' ' 

70% organic concentrate + chicory roots 
(25%) the last 3 weeks befbre slaughter 


slaughter 

4>3 weeks before 
slaughter, adaptatkm 
to chicory roots 

chicory roots (25%) 
^3.0 ka nar dAu\ 


Statistical analysis 



The statistical analyses were caMed out wKh the Statistical Analysis System veision 
8.2 (SAS Institute. 1999-2001 by SAS Institute Inc.. Caiy. NC. USA). The GUM 
procedure was used to calculate the least squares means and standani eiror of the 
means Ibr the odour impact compounds Irom colon. The models included the fixed 
effbct of diet, sex and animal replicate (litter) as well as htaraction between diet and 
sex (model 1). 



15 



20 



Y=|J-«-adw«-t >iiii.r-«-«W » -acte^ *q,„ (model 1) 



Results 

The effect of feeding 25% chlcoiy rools plus 70% ofganic concentrate Ibr a long 
(treatment 3) or a short time (treatments 4) on skatole and androstenone in blood 
plasma fiom Vemjugularis and skatole fmm backfiat, and meat and eating qualHy 
have been compared with resuHs of the two control treatments, feeding 100% or- 
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ganio concentrate (treatment 1) or 85% organic concentrate plus dovar grass sOaga 
(treatment 2) (Table 6 to TaUe 6). 

After one week of adaptation, it was possible to feed 25% minced chicory roots and 
70% concentrate on energy bases without problems during the finishing period torn 
55 kg live weigt* unti slaughter around 120 kg. In the final period, the pigs ate 3 kg 
minced chicory roots. Some of the pigs found the chicory so palatable thai they ate 
the chicory before the concentrate. 



Irrespective of sex and experimental period, all chicory^ pigs showed skatole 
concentrations in backfot (after 8 and 3 weeks) and skatole concentrations in Uood 
plasma (after 7 and 2 weeks) which were not significantly diffeient <h>m zero in a 
:8tatistteal GLil4 analysis In SAS (sea. Table 5. 6. and.7). A decrease In the 
. androstenone level in treatment.S-. compared with treatment 1 seems to be 
IS-. - slgnificanVwhenrte rasuhs are corr^ by i,e covariata androstenone in Wood 
just before the feeding oxpertownt started. IMore importantly, none of the chlcoiy^fed 
male pigs showed androstenone results above the criUcal Hmit for off flavour (torn 
androstenone as opposed to some of the oontrol-fbd male pigs In treatments 1 and 
2, whteh also had skatole concentrations above the off odour limit of 0.20 ug/g in 
20 backtat(seetable8). " 

T^leS. Skatole In backfatftjg/g) accordi ng to treatment and sex (l^ean andStd. 
■ reatment Sex n stSr^^SI 



1 Female 4 

2 Male 4 

2 Female 4 O^ioi^S 

3 Male 4 

3 Female 4 

4 Male 4 
4 Female 4 
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Tabl9-B.:Slgfi>i Fiiji Baf*feJ-(|ig/gJ flsttiiaanS dfttjfrt6rj 
1 



i 



18 

a 

S8 



LS Meart 




0ML 



<.Qom 



Treatment N LSMean Std. error pf^W 



1 
2 
3 
4 



8 
8 
8 
8 



1.8225 
2.12875 
0.0825 
0.13 



0.36 
0.36 
0.36 
0.36 



0.0001 
<.0001 
0.8230 
0.7248 



If^^fi^'y.f^^'^''^^^^^ •"^^^ fe'nale pigs and androste- 



'Pia ' Slauohtar Treat* 
na date mont* 



— 'Sof '''' ^LhJd'^-'' 

WBloM backfet at blood 
slaughtsr 1 weak 

staughter 
<MB/I) 



Peneant- * Androste-* 
age of nona tn 
meaUn blood 
caicass i week 
before 
daughter 

„ (naftnl) 

684 114 

57.2 244 
694 11.0 

57.3 
59.5 
60.2 
61.6 

S9.0 7jO 
574 2&1 
60i) 9.6 

60.3 9.3 
58.1 

59 J) 
62J2 
63J) 



53 11.02,02 1 
7 11.02.02 1 

27 11.02.02 1 

38 UJ02J0Z 1 

52 ^zjazm 1 

9 13.02.02 1 

34 13.02X12 1 

50 13.02X12 1 

54 11.02il2 2 

12 11.02X12 2 

19 11.02X12 2 

36 11.02.02 2 

55 13.0Z02 2 
22 13.0Z02 2 

37 13.02.02 2 
45 13X12X12 2 



100% Concantrate male 

100% Concentrate male 

100% Concentrate male 

lOO%CofioantraCe irade 

100% Concentrate female 

100% Concentrate t^male 

100% Concentrate female 

100% Concentrate female 
65%C 



135.6 0.15 

134.5 0.15 

112.8 0.10 
125 OJOB 
128 0X)9 

123.3 0.03 

1133 OJOS 

116.9 om 
113.2 0X18 

95% Concentrate male 145.6 0.30 
^flas^ 

95% Concantrate mala 102.5 ox)8 
'^sDagB 

95% Concentrate male 120.9 OJOT 
•^sOage 

95% Concentrate female 119.2 0X13 
-^sDage 

95% Concentrate female 128.7 0 01 
•teQage 

05% Ccnoentrete female 102.7 0 06 
-tsDage 

65%Ctonoantrate female 108.2 OXJS 



1.37 
1.72 
1.68 
0.84 
Z19 
2.16 
3.9 
0.72 



642 
444 

0.62 
1.6 

0.75 
14 

1.27 
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Pig SlauoMar TiQat* 



8sx 



Uva 


Skatoto 
bfiCMotat 
steughter 

(M9W 


Skatole 
bkMd 

1 WQSk 

slaufiMer 


PBroent- 
808 of 
mofittn 
carcass 


Andro9t9> 
none In 
blood 

1 W09k 

bafbfB 
slaughtsr 


113 


0.01 


0.19 


69.1 


6.1 


134 


0i)2 


0.02 


574 


16.1 


115j4 


0.01 


0.1 


69.8 


11.0 


112 


0.01 


aQ7 


59.6 


18.5 


113^ 


0U)1 


0.05 


58.7 




116^ 


0.01 


0 


604 




villas ; 


0X)1 


ai6 


60.B 




'firs 


0.02 


0.07 


62.5 




1084* . 


0JI2 


0 


60.2 


10.2 


120^ 


OXM 


0.12 


59.0 


14.7 




0.03 


024 


59.1 


13.7 


116.6 


0J)1 


0.05 


60.3 


10.3 


118.7 


0.01 


0.11 


60.1 




133^ 


0.01 


0.1 


59.2 




115 


OjOI 


0.24 


60.3 




9ai 


0J11 


ai8 


623 





58 


11.02.02 


3 


14 


11.02.02 


3 


33 


11.02.02 


3 


43 


11.0^02 


3 


57 


134)2.02 


3 


15 


13X12.02 


3 


20 


13.02.02 


.1-3. 


^1 


13^2.02 


■ 3"* 








58 


11.02.02 


4 


21 


11.02.02 


4 


35 


11.02.02 


4 


49 


11.02.02 


4 


59 


ia02.02 


4 


13 


13.02.02 


4 


23 


13.02.02 


4 


51 


134)2.02 


4 



70%Cona-^25% 
chlooiy 

70% Cons. 25% 
chicory 

70% Cone. 4- 25% 
chicory 

70% Cone 4-25% 
cMcny 

70% Cone. 4 25% 
chicory 

70%Cona4>25% 
ehlcoiy 

.n70%-Conc.*+^%. 

, .'CWcory. ...... ■ . 

.70% Cona't . femals ' 
*. ,7. 'ddooiy. *.\ 

70% CGgie.f 25% 
cNoory 

70% Cone. •^ 25% maid 
chicory 

70% Cone. + 25% mala 
chicory 

70% Cone, -i- 25% mala 
chicory 

70% Cone. •(•25% ferrala 



70% Cone. + 25% fbraala 
chicory 

70% Cone + 25% 
chicory 

70%CDna + 25% 
chicory 



•) Treatment 4 got 25 % chk»ry roots the last three weeks before slaughter, while 
Treatment 3 got 25 % chicory roots the last eight weelcs before slai^hter. 
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15" 



20 



25 



30 



Example 2B 

Sensory and chemical investigations of eating quality of porit in relation to the 
Influence of bloactive forage feeding 

Influence of chicory roots (fresh and dried) and inulln on production and boar 
taint (skatole and androstenone) In entire male pigs 

The experiment was consisted of 4 treatments each of 8 enUre male pigs. The male 
pigs were distributed to the 4 treatments according to litter and Initial weight and the 
pigs were kept in Indhridual pens. Four weeks prior to init^on of the experiment the 
32 pigs were fad 100% organic concentrate diet according to scale plus ad libitum 
grass silage and were infected twice with parasites. Then the last 6 weeks prior to 
slaughter the >Ss^e^^^^ MwifdWg to the plan (see Table 9). Treatment 1 w^ an 

concentrate plus ctovBrgiass sitaga 
iVeatmbnt 2 v>as fedT0% dfj^ld concentrate plus 25% bloactive blended fi«sh 
ditaory roote. Treabnent 3 was fiad 70% organic concentrate plus 25% dried chicoiy 
roote. Treabnent 4 was fad 70% oigante conoemrate plus 14% pure inulln coire- 
spending to the amount of inulln In the chicory roots of toeatment 2 and 3. The pigs 
had an initial vreight of 83^ l« and were slai^htered at 120+g livewaight to se- 
cure sexual maturf^ of the entire mate pigs after a 6 weeks experimental period. 
Strategic blood and meat samples have been coUeeted according to ptan before 
stert of the e)q>eriment 6 weeks before slaughter and Just before and after slaughter. 
Analysb (chemically and slatisUcaliy) of the meat and eating quality measuremente 
has been conducted according to the plan. The badHtonal meat quality measure- 
mente coOected just before (glycogen) and after slaughter (meat percent In carcass. 
pH. temperature. Minolta-colour values and driptoss in the toin) has been statisOcal 
analysed. Furthermore the sensory profRe of the loin, androstenone analysis in 
blood plasma and analysis of skatole in blood ptasma has been performed. Vitamin 
e. selenium ^luthattone peroxidase) and fatty adds analysis has also been per- 
formed. The androstenone and skatole analysis in blood plasma collected befbre 
Stert of the experiment and Just befbre slaughtsr has been analysed for a better 
evaiuatton of the boar taint aspecte of the pig experiment 
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I apie a. tacampie aesign TPrins nnai TBeaing period of the 4 treatments. 

Treat No. of Food composltfon and Parasits Bloactivefeed 

ment entire enei^gy level compared to (OMentatu 

male "ad Hbftum" feeding^ m and 

i!fl§ (100%) A^^uunii 

1 8 Control treatment Yes ' ~ 



95% organic concentrate 
plus semi ad libitum do- 
vergress sOage 

2 8 70% organic concentrate Yes Chicory roots 

fSyfwTC^i^^o,* (2.6 kg per day the first 

(:^%) (6 weeks prior to week and 3,0 kg per 

^"9*^e0 day the rest of theex- 

o o -m^^M , perlment until Slaughter) 

3 6 70% organic conoenlr^ Yes Dried chicory roots (770 

(^^rZ^^^ per daythef.rstv4ek 

(25%)(6 weeks pnor to and 880 g per day the 

A . \ ^ rest of the experiment 

A -B^-:^-'-'-^-^^i^/ '-^ ' t until slaughter) 

! ^ ' -1=.® •r-vy.vJQ%p^aQic c^^^ Yes Inulln (390 g pWday 

-Sl^^^^ ' thenr^W8ekand450 3 

priorto sla ughter)- per dky the rest period 

i: Energy level of the experiment Is 95 % according to'SJ^ilSdsen et al 
(1990). 

2: The chicory roots (not dried) had a dear bitter taste. 
3: The dried chicory roots had a dear sweet and bitter tasta 
4: The pure imilin was totally without a bitter teste. 

Statistical analysis 

The statistical analyses were carried out with the Statistteal Analysis System version 
8.2 (SAS Institute. 1999-2001 by SAS Institute inc.. Caiy, NC. USA). The GLM 
procedure was used to calculate the least squares means and standard error of the 
means for the skatote in blood plasma and backtet at slaughter and androstenone in 
Wood plasma at slaughter. The models Included the fixed effect of diet, replicate 
(litter) and slaughtarday as wen as Interaction between diet and replicate and 
15 between diet and slaughter day (model 1 ). 

^^^.ly^, * + allffleP»pfcalB + aCcnerslauahtartay + Omr (model 1) 

Y = StSjlifleai^Bljj^^ androstenone in blood plasma all alslairgfiiSBri 
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Results 

Tho frigs ate the high amount of ftesh and bftfer blended chicory roots without prdth 
lems after 1 week of adaptation by giving increasing amounts of chicory roots. The 
dried chicoiy roots were given without an adaptation period presumably because the 
dried chicory roots were less filling and had a sweet taste besides a bitter taste like 
the fresh chicory roots. The health status and production results of the chicory 
treatments were as good as tho control treatment and especially the pigs fed dried 
chicory showed the same growth rate (dafly gain) and feed convereion ratio as the 
control treatnwnt and the lean meat content was not negatively Influenced by feed- 
ing 25% chicory without supplementation with extra protein. 



The effTOt of feeding 25% chicory roots firesh (treatment 2) and dried (treatment 3) 
plus,70% .orgarilc conTO for six weeks on skatole and androstenone in blood 

y '.V • , plasmiai^nriiiyp^^^^ and skatole finom. backfet. and meat and eating quality 

15 hjawbeeWAinffiifBdw^^^^ 

oigante concentrate plus clover grass sOage and (treatment 4) feeding 14% pure 
Inulin correspondbig to the amount In chkx)ry plus 70% organic concentrate (see 
Tables). 

20 Irrespective of fresh or dried chicory, ail chicory-fed entire male p^ showed skatole 
concentrations in blood plasma (after 6 weeks), which were not significantly different 
lirom zero h a statistical Gl^ analysis in SAS (see Table 10). Also the inulin fed 
showed a very significant decrease In skatole level compared to the control (treat- 
ment 1) {P<0.001). In Table 11 all chicory and inufin fed entire mafe pigs showed 

25 skatole concentrations in backfet (after 5^ weeks), whfch were very significantly 
decreased oompared to control te6 (P<0.001). However, a decrease in the blood 
plasma androstenone level in treatment 3 and 4 compared with treatment 1 and 2 
seems not to be significant 

30 Table 10. Sk^le In blood at slaughter (pgfl) (Ismens and error) 



Treatment 


N 


LS Mean 


Std. error 


Pr>|t| 


1 Control 


8 


3.49 


0.3 


0.0001 


2 Fresh chicory 


8 


0.32 


0.3 


0.2950 


3 Dried chicory 


8 


0.11 


0.3 


0.7068 


4 Inulin 


8 


0.68 


0.3 


0.0319 
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Treatment 


N 








1 Control 


g 


0.086 


0.007 




2 Fresh chicory 


a 


0.025 


0.007 


0.0009 


3 Dried chicory 




0.02 


0.007 


0.0055 


4lnul[n 


1 


0.026 


0.007 


0.0005 



5 Example 2C 

Effect of short time feeding dried chicory to entire maie pigs 
A short time experiment finishing feeding entire male pigs with dried chicory either one 
' ;>:; >. 'fii-bt^ two wejsics' before slaughter has been conducted. The B -pigs fed dried chicory 14 
. .10 ■ <^ before slaughter began the chicory feeding day 0 (sea Figure 4), while the 8 pigs 
: :. • ' • flG^dj dried 6hi(abry^7 days bisfore slaught6r^beganr Chitory feeding day 7 so that 16 entire 
male pigs were fed dried chicory the last 7 days before slaughter. 



1. Finishing feeding of 8 individually kept entire male pigs at 70 % concentrate 
15 plus 25 % dried chicory for 3 days results in a highly significant decrease In 

blood plasma skatole levdis (see Figure 4). Moreover, after a fUll week the 
skatole concentration was very dose to zero both in blood plasma and back- 
fet and the effect continued the second week too. 

2. It was concluded that dried chicory, as it had a compaFabto effect to firesh 
20 cMcory was the fomn of chicory that had the best potential for development 

to commercial product in terms of the economic and practical viability of the 
chicory root as a feedstuff ingredient. Furthermore the dried diicory root 
fieed has the advantage that the pigs do not need an adaptatfon period be- 
fore eating the full amount of 25% dried chicory roots on enei^ basis. 
25 3. Thus, chicory feeding in the dried format provides a potentially viable solu- 

tfon to eradicating the consumer sensory off-flavour problem known as boar- 
faint, in female, castrated male and more importantty in entire male poric 
meat 
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Example 3A 

The effect of Cichorium intybus on helminth Infections In pigs 
Animals and Infection 

Five groups of eight parasite naive pigs (four Intact mates and four females) were 
infected with 3000 Oesophagostomum dentatum L3-iarvae while all the animals 
were on a diet of restricted concentrate ad^ grass silage (week -4) (Table 12). 
Four weeks later (week 0). one group (irdectton control group) was slaughtered to 
assess if the worms had developed to the adult stage and to estimate womn estab- 
lishment. The animals in the remaining four groups were moved to Individual pens 
and some diets modified. Two groups continued on the concentrate grass silage 
;^diet, . while the other two groups were given ^ith^r concentrate + roughly chopped 
, chjco|y.roote (long term chioory group, 9 Y/eeksjj^Cichorium intybus L. var. Orchies) 
or only .concentrate^ (converitjlpnpl contrql group). Five weeks later (week 5) one of 
the concentrate -i- grass silage groups had the silage changed to chicory (short term 
chicory group, 4 weeks), the second group remained on the concentrate * silage 
diet (organic control group) to the end of the experiment. The surviving pigs were 
fartfacted a second time (wveek 7) approximately 3000 O. dentatum and 2000 
Ascan's suum eggs two weeks before slaughter for worm recovery (week 9). This 
was done to examine the effect of diet on both established (= 1°^ infaction, adult 
worms at slaughter) and establishing (a 2!^ infection, immature worms at Slaughter) 
O. dentatum. Only the effect on establishing (immature) A. si/um was Investigated in 
this study. 

The pigs used in the experiment were conventionally reared, but all experimental 
feeds were organically produced. According to the energy level in the feedstuffe 
70% and 25% of the daily energy intake was based on concentrate and chicory 
roots, respectively (Table 12). The total amount of feed given was adjusted accord- 
ing to bodywelght once a week. The pigs fed chicory were adapted to the bitter taste 
of the root by increasing the chicory proportion to the desired 25% during the first 
week of the fieeding period. At the beginning of the feeding period the long-term 
chicory group ate 2.1 1^ roots and at the end they willingly ate up to 3.0 kg per day. 

During the experiment the animals were weighed regularly and feecal samples were 
collected twice a week fbr quantification of parasite eggs usbig a concentration 
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McMaster technique (Nansen & Roepstorff. 1998). Both species of parasrte were 
recovmd from the intestinat contoms using an agar-gel technique (Slotved et aL, 
1996 & 1997). 

6 Statistical analysis 

The area under the curve was calculated for different periods of the experiment to 
compare the egg excretion levels between groups. All date were analysed for an 
overan difference between groups by the Kruskall Wallls and for differences be- 
tween bidh^idual groups by the Mann Whitney test using the software GraphPad 
10 Prism 3.0. 



Results 

, ' ' : ■ slaughter 4 weelcs post Infection th^Mnfedion control group had a median wcmi 
/I? . Wrms Were adult The pppulaHcm of :\ 

■ 'adait and iinrimature a (iehfa/u/^ ■• 
infection, respectively, were easily differentiated in all the pigs at the end of the ex- 
periment 

20 Ten days after the Introduction of chicory, the long-term chicory group showed a 
large and rapid reduction in egg excretion compared to the other groups (Figure 5). 
Though increasing slightly, the egg counte remained at a low tevel during the re- 
malning part of the experiment Though a decrease in ^g production was also seen 
in ttie short-term chicory group, both control groups also showed similar decreases. 

25 Overall, the egg excretion converged for all four groups towards tiie terminaSon of 
the study. For tiie first 2% weeks after ihe initial diet change the organic control and 
short term chicory group (botti fed concentrate and grass silage in this period) had a 
higher egg excretion than the conventional control group. Overall, tiiere were un- 
usually large fluctuations In the egg excretion. As a result no statistical differences 

30 were detected despite apparent tendencies when comparing the area under ttie 
curve for tiie two control groups and ttie long term chicory group after tiie diet 
change week 0 (p=0.40). The same comparison for the two control groups and the 
short term chicory group after the diet change week 5 was also not signlficantty dif- 
ferent (p=0.52). All eggs were produced by the adult O. dentatum that esteblished 

35 after tiie first Infection dose, as worms derived firom ttie second Infection dose did 
not felly mature. 
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16. 



20 



25 



At the end of the experiment there was no difference (p=o.8e) in the populaUons of 
established aduit O. dentatum In the four groups (see Table 13a and 13b>. In con- 
trast, compared to the organic control group, significantly less worms were able to 
establish in the intestine In both the shon (p=o.04) and iong^emi chicory (p=0 002) 
groups. Only the long-lem. chicory group differed liom the conventional oonHol 
group (p=0.015). There was no difference between the comrentional and the organic 
control groups (p=l.O). For both the infection and conventional control group them 
was an unusually large variation ir, the establishment of O. <tontatum. This indicates 
that the same may be tme for the other groups. It m«v be the result of the varying 
degrees of diarrhea that some pigs experienced In the first week of expertment 
when the first bifisction took place. 



Overan. the^ was a s^c^^i^^ between the A. suum laryai oouni? (Table 
laa and 13b).befi««en the proups:(p^0.d04). This is primarily due to a signifi,;^tly 
smaller recovery of A suum in the long^mr, chicory group compared to both the 
com«ntional (p=0.002) and organic control group (p-0.009). In addltton. the short- 
term Chicory group was dose to being signlficanfly different from the comrentional 
(p=0.054) and organte control group (p=0.053). l^o other differences were found At 

Slaughter four out of theolght long term Chicory pigs hadatolal of lOaduKAswrm 
(6-15 cm) and one pig in the short term chicory group had 1 A «/am (3 cm) AH 11 

worms ««,B Older then two weel« and thus not de*^ 

ttons. These worms may be the result ofAst/rimoontemlnatton of the Chicory roots 
and thb contaminauen may have affected parasOe establishment 

Pn»duction resulte were satisfactory and identical In aU groups, the pigs Increasing 
ther mean bodywoight Imm 55 kg to 120 kg during the experiment Analysis of the 
chicory roots showed an InuUn content of approximately ISOgAcg fresh root 
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Table 12. Diet composttion for five groups of pigs. The proportion of feed lype Is 
9lven as % of the ctaPy energy requlrBment per animal. 



Group 



Infection con- 
trol 

"Conven- 
tlonar control 
with organic 
concentrate 
minus rough- 
age 

Organic con- 
trol 

Chicory, 
short term 

Chicory, .long- 
term 



WeeK post first infection 
■4-0 0-5 5-9 



100% concentrate 
semi ad ilb grass 

silage 
100% concentrate 
semi ad fib grass 

sflage 



100% concentrate 
semi ad fib grass 



100% concentrate 
semi 0jjb^grjsiss . 



* :100%Goncehtnatia ' 

semi ad lib grass 
silage 



100% concentrate 100% concentrate 



95% concentrate 
semi ad lib grass 



95 % concentrate 
semi ad lib grass 



95 % concentrate 
semi ad lib grass, 
silage 
''70% concentrate 
25% chicory roots 



' 70 % concentrate 
.25,% ct^ooiy roots . 

70 % bonoenfrate 
25% chicory roots 



I^iU^ni^^ "^ST" * ?° ^ ^' dentatum and A suum in groups of pigs 



Group 

"Conventionar ( 



O. dentatum 



with organic concen- 
trate minus roughage 
Organic control 

Short term chicory 

Long term chicory 



n 


Adult 


Immature 


8 


1043 ±975 


2893 ±597 


8 


12811994 


3034 ±479 


8 


989 ±379 


2450 ±469 


8 


810 ±515 


2017 ±454 



A. suum 
Immature 



10 



1072 ±450 

1026 ±464 
556±302 
288±144 
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Table 1 3b. Median worni burden (mln-max) of Oesophagostomum dentatum and 
>lsca/fes£ii//n In groups of pigs fed deferent diets. The pigs were in^^ 
3000 a dentatum l^^arvae (11 weeks apart) and once with 2000 A si/i/meggs 
THe age of the adult O. dentatum populations and the immature O. dentatumlA 
suum populations, are 13 an d 2 weelcs. respectively. 

Group 



"Conventional" control 
with organic concen- 
trate minus roughage 
Organic control 

Short term chlcoiy 

tongtmm chicory.. 



8 



8 



O. <tontatum 
Adult Immatura 



A suum 



433 
(160-2539) 

1139 
(42-2854) 

1097 
(337-1566) 

.. 702 
^1-1731) 



2940 
(1586-3546) 

3184 
(2295-3705) 

2321 
(1774-3313) 

2007 
(1380-2890) ^ 



1076 
(330-1730) 

960 
(170-1550) 

510 
(160-1070) 

315 
(85475) 



'-^'^f•;^t• 



Conclusions 

Feeding of pigs WW, cmde chicory can result in a reduced establishment of O. tfeo- 
telumand perhaps of A saum. Furthem»re. theegg preducBonof O. tfeoteftmmay 
be reduced. ' 



Example 3B 



15 



20 



25 



The effect of crude and dried chicory roots on helminth infections in pigs 
IVlaterials and methods 

A total of 32 enare male pigs were aHocated to four groups of eight animals aocort- 
.ng to live weight and litter (for fiirther detals on animals see example 2b). The pigs 
were paresite free and kept In individual pens. While on a diet of oiganlcany pre- 
duoed concentrate and semi aoftfWft/mdover grass silage all pigs were Inftected with 
3000 O. dentatum U-ianrae four weeks before changing the diet (week -A) using a 
stomach tube. Four weeks later, when the O. ttentatum lanme should have had time 
tomature Into adult womus. the diet was changed forsof the greups While the fourth 

remained on the diet of com»ntrate and sUage (control greup){week0).71,e others 
diets consisted of concentrate and either roughly chopped cmde chhxuy roots 
(erode chiconr groupX finely chopped dried chkxuy roots (dried oWcov 0«>up) or 
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chemically purified inulin (Rafliline®) (inulln group)(tab]e 14 and 15). The chicory 
was grown in a field that had not been fiartaised with pig manure for many years. 
Four weeks after the diet change all p^s wens infected with 2000 A suum eggs and 
3000 O. dentatum U-larvae (week 4). On day 13 and 15 after the second Infection 
5 (week 6) four pigs firom each group were slaughtered for recovery of established 
adult womns (1"^ Infection) and estabHshlng immature worms (2^ InfecUon) firom sub- 
samples of Intestinal contents using an agar-gel technique (Slotved et a!., 1996 & 
1997). The developmental stage and species of the worms was determined and 10 
(OMentatum) -15 (Asuum) randomly selected wonms were measured for each 
10 parasite species and stage. Excretion of O. dentatum eggs was followed by regular 
collection of faecal samples from the pigs. The samples were analysed using a con- 
centration McMaster technique (Nansen & Roepstorff, 1998). Chrome was added to 
the feed for the last twp.week^ up to sl^gghter^ Faecal samples where then ool- 
• leclediand pooled for the last three days before slaughter. Wet faecal and diet sam- 
.i15 " pies Were, analysed for chrome content using the method c?f Schurch, Loyd & 
Crampton (1950). 



Table14. Feeding schedule for four groups of pigs (q wet matter/day). 



Diet 



Group 


Concentrate 


Supplement^ 


Total 


Control: 








Weekl 


2710 


Semi adilbitum 


2710 


Week 2 


2850 


Semi ad libitum 


2850 


Week 3 


2950 


Semi ad libitum 


2950 


Week 4 


3080 


Semi adilbitum 


3080 


Week 5-6 


3140 


Semi ad libitum 


3140 


Crude chicory: 






Weekl 


2000 


2600 


4600 


Week 2 


2100 


3000 


5100 


Week 3 


2200 


3000 


^00 


Week 4-6 


2300 


3000 


5300 


Dried chicory: 






Weekl 


2000 


770 


2770 


Week 2 


2100 


860 


2980 


Week 3 


2200 


680 


3080 


Week 4-6 


2300 


880 


3180 


Inulln: 






Weekl 


2000 


390 


2390 


Week 2 


2100 


450 


2550 


Week 3 


2200 


450 


2650 


Week 4-6 


2300 


450 


2750 



Silage, fresh chk»ry roots, dried chicory roots or Inulln 



20 
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Diet samples were also collected at the time of slaughter and frlaze^ried befbie 
chemical analysis. Protein was determined according to the igeldahl method using a 
iqeltec autosampler system 1035 (Foss Tecator, H6gan3s. Sweden). Fat (hydro- 
chloric acid-fat) was extracted with diethyl ether after add hydrolysis (Stoldt, 1952) 
and ash analysed using the AOAC method (Association of Official Analytical Chem- 
ists. 1990). Fnictans were determined as descrik)ed liy Bach Knud^en & Hessov 
(1995) while analysis for starch was done by an enzymatic colorimetric method and 
non^rch polysaccharides (NSP) by an enzymatioK^hemlcal method (Bach Knud- 
sen, 1997). Sugars (glucose, fructose, sucrose and fructans were detennlned using 
a modification of the enzymatlo-oolorlmetric method of Larsson & Bengtsson (1983). 
Two parallel samples were extracted by either acetate buffer or acetate buffer con- 
taining 5 U/mg sample p-fructosldase (EC 3.2.1^6. Roch Diagnostics GmbH. 
■•v'.Mannhelmi'Germany)*and uski to'^estimate fred gluoose, fructose and sucrose re- 
r. spisctiyely. The acetate- blrffeh eittr^c^ wasnl^ hydrolysed by sidphuric acM 
15 ' (6 037 mol/ii^ 80-C.W*nin:) *ahd thfei released filucose and fructose quantified as 
for firee glucose and fructose. The difference in sucrose between the measurements 
without and wHh Mructosfdase was added to the fructans. Starch was analysed by 
an enzymatio-colorimetric method and non-starch polysaccharides (NSP) by an en- 
zymatiochemical method (Bach Knudsen, 1997). Mason lignin was measured gra- 
20 vimetrically as the insoluble residue after 12 M sulphuric add treatment (Theander 
et a/. 1994) and cmde fibre according to the Weende-method as described by Han- 
sen & Sorensen (1996). All samples were analysed In duplicata Feed units vme 
calculated according to Bolsen & Fernandez (1998). 



5 



10 
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Table 15. Composition of the diets (ooncentrate+suppJement of silage, crude chicory 
dned chicory or inulin) given to four groups of pigs. Snage was given semi ad libitum 

to the control group but w as larelv eaten and is therefore not Included. 

Group 



Control Crude chicory Dried chicory 



Inulin 



Dry matter (%) 


88» 


88" 






25** 


g/l^ wet matter 






Crude chicory 


0 


566 


Dried chicory 


0 


0 


Inulin (RfirfUlbie®) 


0 


0 


Rape seed cake 


145 


63 


Peas 


240 


104 


Wheat 


223 


97 


Barley 


220 


95 


Oat 


50 


22 


Soybean 


100 


43 


vAK'.i* ..-.Salt ' o.; 






. , . ..Chalk z^; . 

" • ' Monocalciurhphos^' 


. . ,.".12.. 




;i . phate- ' -vcv.'- • 






Solivit Micro-59 


2 


1 


Marker (Chromium 


2 


1 


oxide) 







crude Chicory roots 
^ concentrate mixed with dried chicory roots 
^ concentrate mixed with inuUn 



90* 



0 
276 
0 

105 
173 
161 
159 

36 

72 

3 

9 

3 

1 
2 



go** 



0 
0 

163 

121 

200 

186 

184 

42 

83 

.3 

10 

3 

2 
2 



Statistical analysis 

10 The area under the curve was calculated for individuai pigs to oomparB the levels of 
O. dentatum egg excretion. Most comparisons of all four groups have been done 
using the Kruskan-Waliis test while pair-wise comparisons have been done using the 
Mann Whitney U4est The exceptton Is the body length date for Asuum as these 
were successfully log-transformed to normality and thereafter tested by a parametric 

15 GLM model In Statistical Analysis System version 8.2 (SAS InstHute. 1999-2001 by 
SAS institute inc., Cary, NC, USA). Not all body tength date for O.dentatum could be 
log-transfomied and all date have therefore been tested using non-parametric teste. 
Analysis of the length of ail immature worms was cairied out separately for animals 
that were slaughtered day 13 and 15 after the second Infection as the larvae are 

20 know to grow oonsMerabiy during the two day Interval. 
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Results and discussion 

Chemical analysis of the diets showed that the most marked diffimnce between the 
control diet and the three experimental diets was their level of iiructan (low molecular 
(LM) sugars such as fnulln)(table 16). The overall concentration of fiructan In the 
diets were such that the individual pigs were given a total of 36 g, 429 g, 446 g and 
428 g per day (dry matter) In the oontiDl« cnide chlcoiy. dried chicory and inulin 
groups, respectively. 

There was no difference between the fbur groups with respect to O. dentatum egg 
excretion up to the point when the experimental diets were nitroduced (psO.9). 
However, within a weak after the introduction of the diets the egg counts had 
dropped drestically in the Inulin, crude and dried chicory groups compared to the 
• oontrof^group. (Figure 6): Jhereaft^ri'tlieregg counts in the cnjde chtoory group in- 
. ciieased again with -time and ended^ at.the same level at slaughter as the control 
groupi' while the egg excretion remained depressed in the inulin. group and espe^ . 
dally in the dried chicory group. SUH, for the entire period after the feed change the 
control group had an overall higher egg excretion than in the inulin, crude and dried 
chteory groups (p=0.0006, pBO.002 and p=0.0002, respectively). In addition, the 
crude chicory group differed from both the dried chicory group (p=:0.0003) and the 
inulin group (p=0.02). There was no significant difference between the dried chicory 
and inulin group. 
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Table 16. Chemical analysis of the diets (concentrate plus supplement of sHage, 
crude chicory, dried chicory or inulin) given to four groups of pigs at the time of 
slaughter. The control group only ate their concentrate and the sHage component Is 
therefore not included in the analysis. Data in brackets denote the fraction of non- 
cellulosic polysacchari des that was insoluble. 

Group ' 



Control 



Crude 
chicory 



Dried 
Chicory 



rnulin 



g/l^ dry matter 

Protein 

Fat 

Ash 

Crude fibre 

».Ujw molecijlar:s|igaio?: . 
Glucose ' 

Fructan (inulin) 
Total UMS 

Starch 

Dietary fibres 

Non-starch polysaccha- 
rides: 

Cellulose 

Non-cellulosic poly- 
saccharides: 
Rhamnose 
Fucose 
Arabinose 
Xylose 
IMannose 
Galactose 
Glucose 
Uronic acld^ 
Total NCP 

Total NSP 

Klason lignin 

Total dietary fibres 



197 
68 
57 
61 

13 
43 

379 



44 



1(0) 
1(0) 
30(9) 
31(5) 
3(1) 
12(6) 
17(9) 
18(1) 
113(31) 

158 

49 

207 



163 
55 
54 
58 



1(0) 
1(0) 
27(10) 
25(4) 
3(1) 
12(6) 
18(7) 
15(1) 
101 (30) 

142 

46 

188 



167 
50 
67 
60 



2(1) 
1(0) 
27 (12) 
23(3) 
3(1) 
12(7) 
14(2) 
33(25) 
115(51) 

160 

34 

193 



165 
54 
50 



1 


2 


1 


3 


16 


<i'; 


69 


62 


• . . 24 


140 


156 


173 


213 


236 


198 


267 


263 


318 


41 


45 


42 



1(1) 

1(0) 
27 (10) 
31(5) 
3(1) 
11(5) 
17(5) 
16(8) 
107(35) 

148 

37 

185 



Feed units/ltg dry matter 



1.14 



1.15 



1.14 



1.13 
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The total «9ed volume was wry high In the crude chlcoiy group and this may have 
led to a dOution of the parasKe eggs and (hereby exaggerated the apparent depres- 
sion of egg excretion. The same problem should not be as marked for the inulln and 
dried chicory groups. To assess the diff^nces in faecal output, chrome was added 
to the concentrate given to the pigs for the last 2 weeks before slaughter. By analys- 
ing the chrome content in both faeces and feed an estimate of the total foecal output 
per day was calculated for four pigs per group. Due to a high water content (75%) in 
the crude chicory roots the total foecal volume in the coide chicory group was com- 
parable to both the control and the dried chtooiy group. The sOage given to the pigs 
has not been included in the calculatfons as very litUo of it was actually eaten. The 
total foecal volume was lower in the inulln group than the other three groups. StHI. 
■;.stali8tical analysis showed a difference between the four groups with respect to the. 
e^mated toial -number, of eggs excreted by the pigs at slaughter (|^.0O7) (teWe 
• 17)..The-egg.exdration in thlaidried ohioory.group was lower than all other groups 
{p=0.03 In all cases). whBe the inulln group also differed from the control group 
(P=0.03). As dry matter content of the oolected foecal samples was similar In the 
four groups, correction for diiferenoes In dry matter does not change the relative egg 
excreOon patterns. 

^gs per g faeces per Total a dentatum 

^^..^ .fe"^a'eworm egg excretion per day 

0 Median (min-max) n iwiftribTn f r^'.Z».^^^ 

The estimated number of eggs excreted In the l^eees by each female O. dentatum 
found at slaughter (table 17) was significantly dHferent in the four groups 
(p=0.0001). Further analysis showed signlRcanfly lower values In (he dried chicory 
group compared to the control (p=0.0002). crude chicory (p=0.0008) and the inulln 
30 group (p=0.005). whBe the inuUn group also differed (torn the control group 
(psO.001). *^ 



20 
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Ignoring the lack of overaO diflerenoe (p=0.31) between the groups wKh respect to 
thefr populations of established adult O. dentatum (table 18). pair-wise comparison 
of the three experimental groups with the control group showed only that the InuOn 
group was signHicantiy different (p=0.04). In contrast, significantly fewer immature 
worms were recovered in the dried chicory group compared to the oontioi group 
(p=0.0006). the cnide ditooiy group {p«=0.003) and the inuHn group (p=0.005). it was 
also found that the immature larvae in the dried chicory group apparently did not 
develop fixjm the l^stage to the final Lj-stage, which is the stage that matures with 
time into the adult wom». This development took place in all other groups, whUe 
only U-larvae and no Ls-larvae were found in the dried chbx>ry group. This may be 
r . ostobllsh vrali in pigs fed dried chicory and/or that the 

. .v^„'!r'^!''^^^ ^ development The lifbcyde of this ^reslte involves a 
"^tissiiemniiig S^W^I^:iarvae) and the dian^es iri" lnt^nal''^ronment du^ to 
the dIermaV ciitee the'wor^ 
nal tissues. 



20 



25 



30 



^^g^^^g^tdie.s.TheageoftheiS,^maturean1iSS^^^ 



O. dentatum 



Group 



A suum 



N Adult 



Immature 



Control 8 

Caide chicory 8 

Dried chicory 8 

Inulin 8 



2523(1334-2981) ^81 (1916-2837)" 

1864(1669-2660) 2009(1465-2561) 

2082 (177-2809) 408 (123-2015) 

1924(569-2336) 2222 (42&.2512) 



Immature 



613(360-1190) 
275 (135-825) 
165(190^5) 
141 (145-535) 



StaOstica! comparison of all groups showed that the length of both male and female 
a dentatum was different between groups (p=0.014 and p=0.002. respeo- 
tive!y)(table 19). With respect to the males, the control group differed from the crude 
chicory group (p=0.021). the dried chicory group (p=0.003) and the inulin group 
(p=0.021). whne only females from the dried chicoiy group were different from those 
of the control group (p=0.005). The immature Q dentaUim populations were sepa- 
rated Into subpopulations of l-rlarvae and l^lan/ae that ware tested separately. No 
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significant differences were detected for the Marvae but the L4-larva6 varied sig- 
niflcanUy when comparing all groups on both day 13 (p=:0.019) and 15 (0.045) after 
the second infiecUon. This was due to the shorter length of the laivae in the dried 
chicory group compared to the control group (p=0.03 in both cases](table 20). 

Table 1 9. Median length in mm (mfn-max) of adult Oesophagostomum dentatum 
recovered weeic 10 post infection from pigs fed different diets the last 6 



Group 


Males 


Females 


Control 


9.79 (6.96-10.05) 


12.35(11.46-13.29) 


Crude chicory 


9.49(8.90-9.74) 


11.76(10.81-13.25) 


Dried chicory 


9.19 (8.56-9.56) 


11.08(10.42-12.60) 


InuUn 


9.47(9.14-9.80) 


11.65(11.02-12.63) 



Mf'i^Ot'.ength In mm (mirv-max) of.imrrerture Pasop/iaflosfomum den- 
teft^recoveiiBd day 13 (n=4) and 15 (n=4) postMfe^ (pi) from pigs fed different 





Marvae 




Ls-larvae 










Males 


Females 


Group 


Day 13 pi 


Day 15 pi 


Day 13 pi 


Day 15 pi 


DaylSpri 


Day 15 p! 


Control 


3.70 


3.46 


4.54 


5.89 


4.75 


7.46 




(3.34^.85) 


(Z21.3.81) 


(3.d(M.80) 


(4.87-6.33) 


(4.46-5.85) 


(6.50-7.47) 


Crude 


3.55 


3.40 


4.17 


&70 


4.89 


6.91 


chicory 


(3.36-3.64) 


(2.69-3.69) 


(4.14-4.89) 


(4.90^.41) 


(4.48-5.44) 


(5.16-7.33) 


Dried 


535 


£54 










chicory 


(2.1&.Z91) 


(2.31-2.76) 










InuUn 


2.98 


3.38 


4.15 


6.61 


4.82 


6.34 




(2.25-3.36) 


(3.31-3.89) 


(3.964.33) 


(5.11-5.91) 


(4.20-5.03) 


(5^9^.89) 



When O. dentatum worms mate the male leaves a "cement cap" encasing the geni- 
tal area of the female. When comparing the fraction of females per pig with such a 
cap In the four groups (figure 7) there was an overall significant difference between 
groups (p = 0.0024). Pair-wise comparison of the groups reveeried that the dried 
chicory group alone was different as it differed significantly from the groups given 
control (p = 0.003). crude chicory (p = 0.001) or inulln (p = 0.038), indicating that 
less female worms had a cap in the group fed dried chicory and that the mating fre- 
quency was reduced. 
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Table 21 . Mean length in mm (± SD) of Immature Ascaris suis recovered 
day 13 (n=4) and 15 (ng 4) post Infection (pl) finom pfqs fad different diets. 
Group Day 13 pi Day 15 pi 



Control 


2.46 ±0.28 


3.85 ±0.68 


Cnjde chicory 


2.22 ±0^7 


3.77 ±0.98 


Dried chicory 


2.13 ±0.08 


3.27±0>I7 


Inulin 


1.99 ±0.17 


3.65 ±0.57 



5 For A. suum, there were mere ian/ae present in the pigs from the control group 
compared to the crude chicory group (p=0.015), the dried chicory group (p=0.015) 
and the Inulin group (p=0.002) (table 18). The InuHn group was only Just significantly 
different from the dried chicory group .(p=0.05). The length of the larvae was slgnlfi- 
canUy different in the four groups on both day 13 and 15 after the second Infectiosx 
(p<0.0001 In both ?a?©s^, FHjthpim the l^rva^ recovered from the Wiilin group' 
(p<0.0001), crude'dhlcbry group (ps^ldOS) and dried chio6ry group Cp<0.0001) were 
significantly shorter than the larvae from the silage group. The larvae in the Inulin 
group also proved to differ from the crude (p=0.0009) and dried chicory (p=0.045) 
groups. By day 15 post infection only the larvae In the dried chicory group remained 
15 smaller than the control group (p=:0.0002), and they were also smaller than the lar- 
vae from the crude chicory group (p=0.003) and the Inulin group (p=0.01). The larg- 
est overall reductions in larvae size were 20% for the inulin group (day 13) and 15% 
for the dried chicory group (day 15) (table 21). 

20 Conclusions and implications 

The results indicate that the dried chicory root Is a much more effective product than 
the erode chicory root when given at the same level (app. 16% and 14% of dry mat- 
tor. respectively). The dried roots signiflcantly reduced not only the number of estab- 
lishing a dentatum and A suum but also affected their growth and development 

25 The population of adult established O. dentatum was not reduced by either diet al- 
though the egg excretion of the female worms at slaughter was maricedly depressed 
by approximately 41% and 99% in the erode and dried chicory group, respecOvaly. 
Particulariy in the dried chicory group where not only the egg production but periiaps 
also the mating frequency may have been impaired and the size of the womis re- 

30 duced. The reason for the difference between the two diets may be that the dried 
and finely chopped roots were more readOy digested and Hs active components re- 
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leased in higher quantities compared to the roughly chopped crude roots. The crude 
chicory diet was also more voluminous (acoordhg to wet matter) than the dried dtet 
and the fiructan may therefore have been more diluted although total intake of dry 
matter was the same in both groups. 

Although there was a significant reduction in egg excretion, the overall effect of the 
purified inulin was not as marked as that of the dried chicory diet. This is surprising 
as the same purified inulin product has previously been shown to be very effective 
against O. dentatum (Petkevifiius. 2003). The reason may be that the study used a 
specially constructed diet (that may also have had an effect) with added inulin and 
not a standard commercial diet as in the present trial. The diet containing purified 
inulin generally had a larger effect than the diet including crude chicory roots. 

.•;••*■';' ^ V "" ^' ' 
The results from the present trial also show that all 3 experimental diets had re- 
duced the 'esjbablish^^ of A. siru/n, especially the Inulin and dried chicory diet ' ; 

Overall, the diet containing dried chicory roots was considered to be the most effec- 
tive of the three experimental diets reducing parasite establishment and egg produc- 
tion more severely than the other diets. 

Example 4A 

Sensory profiling of the effects of silage and chicory (bloacth/e) feeding on 
boar-taint In cooked pork 

Sensory characteristics 

Analytteal chemets engaged in elucidating boar-taint require deariy defined termi- 
nology to describe the sensory characteristics that constitute boar-taint as It is In 
essence a sensory based off-flavour phenomenon. The development of such de- 
scriptors with definitions and references by sensory analysis has much potential In 
the further elucidation of sensory boar-taint perception and its level of negative ef- 
fect on consumer acceptability of pork (Bonneau et al.. 2000; DQksterhuis et al., 
2000). Sensory profiling, a method by which a panel uses a developed sensory vo- 
cabulary to describe perceived sensory characteristics in a sample set has been 
utilised in the present research (ISO, 1985; ISO, 1994; Mellgaard, et al., 1999; 
Byrne et al.. 2001b). The resultant profile is a perceptual map of the variattons in a 
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sample type that can be employed alone or in combination with cheml- 
caWnstrumental measurements in the explanation and elucidation of undeilying 
sensory and chemical relationships. 

The Objectives of the present study were to InvestigatB the sensoiy variation that 
resulted from the effects of bioacUva (sHage and chicory) feeding in oiganicaiy pro- 
duced male cooked po*. Of particular interest was the effect of btoactiva feeding on 
the Wflavour- referred to as boar-taint in the meat To achieve these aims a de- 
scriptive sensory vocabulary was developed with an expert sensory panel and sub- 
sequently the panel were utOised to develop a sensory profile tbrthe meat samples, 
derived from male animals fed various levels of silage and chicory. In the analyses 
of the sensory profiling data a strategy Involving multivariate Prinapal Component 
Analysis was utilised. to. determine^jMeclsely how the various feeding treatments 
■■■■ were describe^and discriminated «pm a sensory psrspScBya. ( : j. . . .. 
15.:. ; . .v.i -'-.VJ^-.. v- .,,^a}.:-. ..^ . .. -H,..-.-. 

Meat preparation 

Poric muscles Longlsslmus dorsKUD) were used for a sensory analysis. Batches of 
four muscles each batch from a different animal litter (4 male littemiatBs In each) 
was obtained. Each of the four muscles In a batch, were from an animal subjected 
fed one of four treatments prior to slaughter fTable 4 of exampla 2A. although the 
female were not analysed). 



20 



^1 muscles were stored vacuum packed in darimes8at-20-C. IMusdes were held at 
4''C for approx. 12 h prior to handling to allow ease of cutting and grinding. Visible 

25 fet and connective tissues' were removed and muscles were cut into cubes (approx. 
3 cm') and mixed thoroughly. Musdes fifom a specHic treatment ware uUlised, and 
mixed together thoroughly once cubed. Each treatment batch of muscle cubes was 
ground in a rotary screw mincer (Model X 70. Scharfen GmbH & Co. IMaschlnen. 
febrik KG. Germany) through a 4.5 nun plate. The minced samples were shaped 

30 into patties of 100 g and approx. 1 cm thickness using a commercial pattle maker 
M. 9 cm). Plastic packaging film was used In the making of the patties to help 
maintain their shape prior to vacuum bagging. Patties were subsequently removed 
from ttieir plasUc film wrapping and vacuum packed in oxygen impermeable plastic 
laminate bags. The vacuum-packed patties were then ftozen at -ao'c and stored 

35 fbruptoaweek. 
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Prior to heat treatment, all patties were placed fn a 2SfC water bath until a core 
temperature of between 18 and 2(fC had been reached. Subsequently patties were 
removed from their plastic vacuum bags and batch cooked In convection ovens set 
5 to 150*C. The ovens utilised were detennined to have comparebie heating cycles. 
The heating/cooking process took a total of 20 min and was carried out as per Byrne 
et al. (1999b). In each oven, a control patties core temperature was monitored 
throughout the heat treatment by a tennocouple and data logger (Squirrel Series 
1000, Grent Instruments Ltd., United Kingdom). The final internal temperature 
10 reached over all pattie batches was found to vary between 78 and 82*C. After cook- 
ing the samples were cooled to S'^C in oxygen impermeable plastic laminate bags 
for a short period (10-15 min) prior to reheating for sensory assessment 

. f^P?*^'**^^^ ^r de&riptSre'^cab^^ and sensory profB- 

15 'ihg,- patOes were divided into 8 eqiial triangular pieces, which were then vacuum 
packaged in plastic laminate bags. These were placed in a steel tray fOIed with water 
at ambient temperature. For reheaUng the tray was placed In a oonvectton oven at 
140**C for 19 min. The mean serving temperature of the vacuum packed samples 
was es^'c. 

20 

Sensory measuremente 

Prior to sensory profiling a sensory panel (8 persons) participated in the 
devetopment of a sensory vocabulary to describe and discriminate the effects of 
conventtonal and btoacthre feeding on the general flavour and In particular boar-teint 
25 In the poric meat of the present study (see Byrne et al., 1999a.b: Byrne et al., 
2001a). The panel was recruited from the public and studente of the Royal 
Veterinary and Agricultural Universi^. Frederiksbeig, Denmaric All sensory woric 
was carried out In the sensory laboratory at the Unlvereity, which fulfils reqidremente 
according to the IntemaUonal standards (ASTM. 1986; ISO, 1968). 

30 

Panel Input, panel leader input, and multivariate stetistlcal analyses were utilised to 
select a set of 24 descriptors plus an acceptability question from irtitial list of 32 
iems (see Byrne et al., 2001a). Each of the final list of temis was defined by a 
reference matertel and tenns were divided into their mode of sensory assessment, 
35 l.e. odours, tastes, flavoure and aftertastes (Table 22). 
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Table 22. Ust of 25 sensory 
evaluation of pork meat, oven 
mals fed bioactive compounds. 



Term°^ 



descriptive temis with definitions devefoped for the 
cooked at 150*»C for 20mln., derived firom male ani- 
silage and chicory. 



Odour 

1. Piggy/Animal/O 

2. Meat/Gamey-0 
S.Cardboard -O 

4. Fresh cooked pork meat -O 

5. Linseed oil-O 

Taste 

7.Sour-T 

8.Salt-T 

9.Bitter-T 

'• Flavour . " ^ i • 

:ip. Piggy/Animaly-F ! ^ \. 

^^11. Melallio-F , ^ . « . 

12. Meat/Gamey-F 

13. Herby-F 

14. Splcy-F 

15. Cooked IHam-F 

16. Fresh cooked pork meat-F 

17. Cardboard-F 

18. Lxtctic/Fresh sour -F 

19. White pepper-F 
2D.Porki;a^F 

Aftertaste 

21 . l-aclic/Fresh sour -AT 

22. Astringent-AT 

23. Spi(^/heat-AT 

24. Chemicai medicinal 

25. Fatty mouth coat!ng-AT 

26. Acceptibilltv 



Definitions and reference materials" 



Odour associated with: 
cooked pork contanilng boar-taint/dOuta skatole 
solution 

cooked game meatAviki boar 
wet cardboard 

oven cooked pork meat with on surface brownir^ 
warmed linseed oll/linseed oil based paint 

Taste sensation associated with: 
sucrose, Ig/I solution in water^ 
citric ackl (monohydrate) 0.3g/l solution in water 
sodium chloride, 0.5g/l solution in water 
quinine chlorkle. 0.05g/l solution in water 

' Aromatic taste sensation associated with: 

containing boar-talnt/dOuled skatole 

sdlutioh?' -'•' *••-' ' 

ferrous sulphate. O. ig/l solution in water 
coolced game meat/wild boar 
dried mixed herbs 
mbced spices 
cooked ham 

oven cooked pork meat with no surface browning 
wet cardboard 
natural yoghurt 
white pepper 
cooked pork fat 

Feeling factor in the oral cavity associated 
with: 

natural yoghurt 

aluminium sulphate 0.02g/i solution in water 
mild warming effect of spices 
cough syrup 

a residual coating of fat after sample assessment 

> how acceptable do vou find tiie sample? 

SufBx to sensory terms indicates method of assessment by panellsis: -O = Odour -F = 
Flavour,-T = Taste. -AT = Aftertaste. * 
nSlnwSl^"^ ^ ^ **** devfeed to ensure panellists' could recognise dearly the sensory 
^ Definitions of sensory terms as derived during vocabulary development 
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A sensory profile was developed for the pork patties for each of the 4 feeding 
treatments using the same 8-member paid panel as utilised in vocabulary 
development. The sample set presented at the proHIIng study contained the four 
treatments. This sample set (4) was assessed by each of the 8 panel assessors 4 
6 times, as replicates (4 x 8 x 4) = 128 'objects' In the profile data set for each of the 
25 sensory descriptors. Each replicate was presented on each of 4 days to each 
panellist. 4 samples per day. In all 4 days of panel sessions of 1.5 hr each were 
carried out in the development of the proTde. Presentation to individual panellists on 
each day of profiling was In a randomised order. However, the fiili range of storage 
10 days and feeding treatments was included on each day. 

Quantitative data was collected using the FIZZ Networic data acquisition software 
' (BIOSYSTEIWS, Coutamoift, France). Unstructured line scales of 15 cm anchored on 

.j;:^ **^®'''^s^^®'^yt*ieterm/nop^^^^^ 

: : 15 * for the scoring of each sensory>term (Mdiigaarti eial., 1999). 

AH multivariate analyses were perfonned using the Unscrambler Software, Version 
7,5 (CAIWIO ASA, Trondheim. IMonway). In PGA analysis, d^ were analysed, 
centred with foil cross-validation. 

20 

Results 

Multivariate Principal Component Analysis was used to gain a qualitative overview 
of the relationships within the sensory data and the association of the descriptors 
25 with the experimental design variables, i.e. non-bioactive/oontrol, silage, chlo- 
ory/s8age and chicory feeding. 

A sensory profiling of cooked poric derived from male animals was illustrated by 
Principal Component Analysis (PCA) plot (Figure 8). PCA was found present 2 sig- 
30 nificant Principal Components (PCs). PCI and PC2 explaining 43 and 33% of the 
explained variation, respectively. 

The general sensory description of the feeding treatments is shown in Figure 8. 
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Experiment 4a 
Longisslmus dorsl 1 (LD1) 



1. Non-bioactfve control diet (100% organic concentrates): 

These samples were described by pork meatiness-flavour, sweet-taste, pork fat- 
flavour, salt-taste. These are typical fiBsh' and sweet meaty attributes of conven- 
tional feeding (Byrne et al., 2001b). However, associated with this aspect of the 
samples was a high level of boar-taint as described by I^Mggy/Animedy-flavour and 
odour. 

2. Control + sflage: 

These samples appear not as fresh' in relation to meafiness as control diet and con- 
tain a numbei;«f off-flavoura> i.9,^,qardboard odour/Ravour and Unseed oil-like odour. 

3. and 4. Control .t-chlccry and.corrtroj^ tsilage +chicory, respectively: 

These samples are described as having pork meatlness-odour, meat/gamey-flavour, 
spicy^ftertaste. herby^vour. sour-taste, bitter-taste, astringent-aftertaste. These 
diets appear to have no off-flavours and have fresh' meat character as per the non- 
bioacttve diet. Also 'pleasenf herby and spicy characteristics m present. 

Overall, feed 3. Control + chicory was perceived as the most acceptable In its 
sensoiy characteristics relative to the other feeding treatments 

Chicory and Silage/Chicory are similar In their sensory chaiacteristtes (bitter tasting 
and have freshly cooked meat odour), and are negatively correlated to boar-taint as 
described by Piggy/Animaly-flavour and odour. Thus, the chicory treatments are 
more acceptable as they have reduced boar^int firom a sensory perepective (Fig- 
ure 8). 



The non-bioactive oontrol fteding treatment is the most boar tainted as indicated by 
the samples positive correlation to the descriptc^ Pi&gy/Animaly-flavour and odour. 

Control and SOage have many common sensory characteristics, however, Silage 
appeare to be related somewhat to have more lipM coddation based ofF-note 
descriptora (cardboard and linseedoO like), even in freshly cooked samples as were 
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the samples in the present study. This was most likely related to higher levels of 
unsaturated phospholipids In the meat elevated through silage feeding. Thus, the 
silage fed samples had an Increased potentted for lipid-oxidation relative to all other 
feeding treatments (^yme et al., 2001b). 

The improvement (rf sensory characteristics may be a reduction of lipid-oxidatlon 
comprising increasing acceptable sensory characteristics selected from the group of 
Cardboardodour and flavour and Linseed oil-odour. 

Conclusions 

Treatments 3. chicory and 4. silage/chicory are very similar and are much lower in 
boar-teint from a sensory perspective than treatments 1. Non-bioactive and 2. Si- 
lage. TVeatment^. silageu'aisaappears to be the most prone to lipid oxidation of the 

samples: ..viJ- ^'jiV/'v;- -^^ *^ 

Overall, chicory appears to reduce boar-taint and this is deariy noted by the sensory 
panel. 

The most important aspect of this is the panel has indicated that the chicory effect 
on radudng boar-taint resulte in acceptable firesh pork meat firom a sensory per- 
spective. 

The main point of course being that chicory having dearly reduced tioar-taint fnom a 
sensory perception perspective did not lead to the imparting of other off-flavours in 
the fifeshly cooked meat of the chicory fed samples. 

The non-btoacthra control fed pigs were found to have a higher level of boar-4aint as 
described by the term Piggy/Animaly-odour and flavour relative to the pigs fed chio- 
ory. Thus, the chicory fed pigs had a more acceptable sensory character than the 
pigs feed non-btoadh/e oontrol fnom a 'consumer* perspediva. In relation to boar- 
teint 
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Example 4B 

Sensory profiling of the effects of chicory (fresh and dried) and inulin (bloac- 
tive) feeding on boar-taint In entire male cooiced pork 

Experiment 1 

Experiment la. Sensory profiling study on Table 4 of example 2A feeding treatments 
(control, silage and fresh chicory 2 levels), muscle name Longlsslmus dorsi 1) 
(presented as Example 4A above). 

Experiment lb. Sensory profiling study on Table 4 treatments (control. sHage and 
fresh chicory 2 levels), musde name Psoas M^or (PM 1), 

"Experlrnent 2 • : • 

• a^paWmenf 2a-Sensory.proiiling study onTable 9 cf example 2B feeding treatonents 
(confrol/sDage, fresh chtooiy. dried chicory and inuIIn). muscle name Longlssimus 
crois/ (LD 2). 

Experiment 2b. Sensory profiling study on Table 9 feeding treatments (con- 
20 trol/silage. fresh chicory, dried chicory and inulln). muscle name Psoas Major PM 
2). 

The objectives of the present studies 
Experiment 1 a» b. 

25 Overall aim was to imrestigate the sensory variation that resulted from the effects of 
bloactiva t^eding (control. sDage and fresh chicory 2 levels) in organically produced 
entire male cooked pork. 



15 



30 



35 



Sensory profile 

The sensory profile was carried out with the specific aim to determine the effect of 
bioactlve feeding on the sensory 'off-flavour' referred to as boar-taint in the meat To 
achieve this alms a descriptive sensory vocabulary was developed with an expert 
sensory panel and subsequently the panel were utHised to develop a sensory profile 
for the meat samples, derived from male animals f^d various levels of silage and 
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'fresh' chicory roots, tn the analyses of the sensory profiling data a strategy involving 
multivariate Partial Least Squares Regression (PLSR) was utilised to determine pre- 
cteely how the various feeding treatments virere described and discrindnated from a 
sensory perspective with respect to boar taint. 

5 

Experiment 2 a, b. 

Overall aim was to investigate the sensory variation that resulted firom the effects of 
bioactive feeding (oontroi/silage. fresh chicory, dried chicory and Inulin) in organi* 
cally produced entire maie coolced poric. 

10 

The sensory profile was camed out with the specific aim to determine the effect of 
bioactive feeding on the sensory 'off-flavour' referred to as boar-taint in the meat. To 
" ;jachieve:.thls Qims a descriptive sensory vocabulary was developed with an expert 
; ' >. ."sensoiiry panei and subsequently the panel were utilised to develop a sensory profile 

;^ 15 v;> fbrthe meat^samplesi- derived from maie animals fed vartous levels of fresh* and 
'dried* chicory and Inulfri. In the analyses of the sensory profiling data a strategy 
involving Partial Least Squares Regression (PLSR) was utilised to determine pre- 
cisely how the various feeding treatments were described and discriminated from a 
sensory perspective with respect to boar taint 

20 

Materials and Methods 

For experiment la the method conditions are described previously In example 4A. 
25 The following considers experiment 1 b, 2a and 2b. 
Meat samples 

Pork muscles Psoas Major {PM 1 and PM2) and Longissimus dorsi (LD 2) from en- 
tire male pigs were used for sensory analysis. Each muscle type was derived from 
30 animals fad one (tf four different feeding treatments (In the case of PM1 , see Table 4 
and PM2 and LD 2, see Table 9). A total of 8 individued animals nrujscles were ob- 
tained for each feeding treatment 

All muscles were stored vacuum packed in daricness at -20'^C. Muscles were held at 
35 4*^0 for approK. 12 h prior to handling to allow ease of cutting. Visible fat and con- 
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nective tissues wars removed and musdes were cut into chops (approx. 1 cm thick- 
ness). Individual chops were subsequently vacuum packed in oxygen impenneable 
plastic laminate bags. The vacuum-packed chops were then frozen at -30*^C and 
stored for up to one week prior to use in profiling. 

5 

Prior to cooking treatment, all firozen vacuum packed chops were placed in a 25°C 
water bath until a core tempereture of between 16 and 20^0 had been reached. 
Subsequently chops were removed from their plastic vacuum bags and batch 
cooked in convection ovens set to ISO^C. The ovens utilised were determined to 
10 have comparable heating cydes. The heaUng/oooking process at 150°C was deter- 
mined to take a total of 8 min 4 minutes per side. The final internal tempereture 
reached over all chop t>atches cooked was found to vary between 78 and 82^C. Af- 
' ' te^^^ the samples werei immediately served b the panelists such that the 

• '^^''^ • m 
to 

Sensory measurements 

Prior to sensory profiling a sensory panel (10 persons) participated in the 
development of a sensory vocabulary to describe and discriminate the effects of 
conventional and bioactive feeding on the general flavour and in particular boar-taint 
20 in Une poric meat of the present study (see Byrne et al., I999a,b; Byrne et at., 
2001a). The panel was recruited from the public and students of the Royal 
Veterinary and Agricultural Unh^erstty, Frederiksberg, Denmark. All sensory work 
was carried out in the sensory laboratory at the University, which fulfils requirements 
according to the Inlemational standards (ASTM, 1986; ISO, 1986). 

25 

Panel input, panel leader input, and multivariate statistical analyses were utilised to 
select a set of 42 descriptors plus an overall Impression question firom Initial list of 
45 terms (see Byme et al., 2001a). Each of the final list of terms was defined Ivy a 
reference material and terms were divided into their modality of sensory 
30 assessment, i.e. odoure, tastes, flavours and aftertastes (Table 23). 
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Table 23. List of 43 sensory descriptive characteristics with definitions developed for 
the evaluation of pork meat chops, oven cooked at 150*^C for 6 min., derived Irom 
entire male pigss fed 4 different feeding treatments 1. control/silage, 2. chicory 1 
(ftesh). 3. chicory 2 (dried). 4. Inulin. (see Table 9). 



Term ' 



Odour 

Fresh pork odours 



Definitions and reference materials" 



1 . Fresh cooked pork meat like- 

O 

2. Sweet meaty-0 

3. Nutty^ 

Boar taint odours 

4. Piggy/Animal-0 

5. Gamey-O 



6. 
8. 



.9. , 
10. 



UrfneO 
Parsnip-O 
Musty-O ' ' 

jy^anure^stable-O . 

Sweat-O 



Feeding treatment odours 



11. 
12. 
13. 



Chicory (sol!d>0 

Feedy-O 

Hay/Sllage-O 



Other odours 
14. SoapvO 



Aromatic associated with: 



Oven cooked pork meat with no on surfeoe 
browning 

Fresh cooked pork its sweetness characterisfics 
Cnished roasted hazel nuts 



Cooked poik meat firom entire male pigs 
Freshly cooked game meat as exemplified by 
deer, pheasant or wad boar 
Male pig urine 

.Cooked parsnip/earthy/sweet ... 
StalisI dam'pAnoist old fabric/cloth sealed in plastic 
for &days/moist ceiier 

..Male ^ig excrement/foeces (presented in sealed 
v^se! with perforated osverfc^ assessment)' ' ' 
Old human body swaat/Sw^ss cheese 



Raked fresh chicory root 

Blended bailey grains and water (50/50) 

Dry hay/femnented hay (silage) 



Non'Peiftimed liquid soap 



Texture 

Initial mastication 
15. Haidness-l^ 



16. 
17. 



Tendemess-Tx 
Juiclness-Tx 



During mastication 
18. Fibrous-Tx 



Preference 

19. Overall Impression 



Textural Impression associated with: 



Force required to bite completely through the 
sample with molars 

Ease with which the meat is divided into fine par- 
ticles when chewed 

The amount of liquki exudate in the mouth when 
one has chewed the sample 5 times 

The amount of fibers appearing during m£»fica- 
tion 

Preference associated with: 
Question: 1o which degree do you like the pork 
sample you have just tasted in the context of pork 
of this type? 

Scored as disiike very much to tike veiy much on 
an unstructured 15cm line scale. 
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Table 23 (contd.). List of 43 sensory descriptive characteiistics with definitions de- 
veloped for the evaluation of pork meat chops, oven coolced at 150°C for 6 min., 
derived firom entire male pigss fed 4 diffiarent feeding treatments 1. controi/silage, 2. 
chicory 1 (finesh). 3. chioorv2 fdried), 4. InuHn, (see Table 9). 



Term 



Definitions and reference materials^ 



Taste 

20. Sour-T 

21. Sweet-T 

22. Umami-T 



Taste associated with: 

Ymer/hatural yoghurt/ibmiage Ms 

Sweet Iresh cooked pork 

The 'blooming' flavour enhancing taste of mono- 

SQdium qiutamate. a soiution 0.5g/l MSG in water 



Flavour 



Aromatic taste sensation associated with: 



Fresh porli flavours 

23. Fresh cooked pork meat li 

F 

24. Poikfat-F 



Oven cooked pork meat with no on surliBoe 
browning 

Freshly cooked pork fat 



Boar taint flavours 
. 25. Piggy/Animal-F 
26. Gamey-F 



27. 
28. 



Parsnip-F 
Manure/stable-F 



Feeding treatment flavours 

29. LivestockCamy-F 

30. Feedy-F 

31. Hay-F 

32. Spicy-F 

33. Chicory (water)-F 

34. Chicory (flesh)-F 



^/Gookedporkmeat from enfiie male pigs .,\ 
F^reshly cooked game meat as exemplii^ by 
deer, pheasant or wild boar 
Cooked parsnip/earthy/sweet 
Male pig excrement/£aeoes. Reference presented 
in sealed vessel unth perforated cover for as- 
sessment aim to aDow it to evoke *flavoui'. ' 

Flavour of white peper just after the initial soapy 

notes and before the strong peppeiy notes 

Blended barley grains and water (50^0) 

Flavour of dried grass 

Spicy flavour from salami 

Water cooked with dried chicory root (4:1 wfv) 

Dried chicory root flakes after soaking in boiling 



Other-flavours 

35. Cardboard IQce-F 

36. Senjm/Metalllo-F 

37. Cooked liver/Organy-F 



Wet cardboard 

Cooking losses from pan fHed pork m&ice meat 
with high meat content (max 8-12% fiat) 
Freshly cooked liver 



Aftertaste 

38. Astringent-AT 

39. Fresh sour/LactiChAT 

40. RatBitter-AT 

41. Heaf/Splcy-AT 

42. SaKy-AT 

43. Fatty mouthcoating-At 



Aftertaste sensation associated with: 
Sohifion 0.02g/l aluminum sulphate in water. Dry- 
ing sensation in mouth and on teeth. 
YmerMaturat yoghurt 
Bitter aftertaste from chicory 
Salami heat 30 s after eating 
Sodium Chloride (NaCI) (basic salt) (0.5g/l) after- 



Residual ^rtly coaling in mouth once meat expeo* 
torated 
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'Suffix to sensoiy terms Indicates method of assessment by paneUists: -O = Odour -P = 
FIavour.-T = Taste, -AT = Aftertaste. -Tx = Texture. 

^ncentrations In g/1 were devised to ensure panellists' could recognise clearly the sensorv 
not6 Involved. ' 
** Definitions of sensoiy temfis as derived during vocabulary development 



Data acquisition 

Quantitative data was collected using the FEZ Network data afx^ulsition soflware 
(BIOSYSTEMS. Couternon. France). Unstructured line scales of 15 cm anchored on 
the left side by the terni 'none' and on the right side by the term 'extreme' were used 
for the scoring of each sensory term (MeHgaard at at., 1999). 

Data analyses 

For initial exploration of the' sensory data,* Dlscrirninant ParUal Least Squares Re- 
gression (DPLSR) was perfometl fbr each profile. The X-matrix was set as the sen- 
sory data '(level and range'tidrrecfedj^aihd (hd Y^matrix was design main effect 0/1 . 
variables fbr feeding treatments. For contextual validation in the regression analysis, 
the conventional loading plot was replaced by a plot of oorrelalion loadings. This 
allowed easier Interpretation since it revealed both the structures In the data and 
their degree of fit at the same time. 

All multivariate analyses were perfbnned using the Unscrambler Software. Version 
8.0 (CAMO ASA, Trondheim. Nonray). In aU regression analysis data were ana- 
lysed, centred with full crossA^idatlon. 

Results 

The results are presented In the figures 9, 10 and 1 1. 

Experiment lb 
Psoas Major 1 (PM1) 

Fig. 9. Discriminant Partial Least Squares Regression (DPLSR) sensory profiling 
versus feeding treatments for Psoas Major 1 (PM1) (PC 1 v 2) displayed that the 
animals fed treatment 1. non bioactive control fieed and 2. silage were high In boar 
taint descriptors such as e.g. manure/^stabte odour/flavour, ptggy/anlmal 
odour/flavour, musty odour, urine odour and Five^oMbamy flavour, whereas ant- 



85 



mals fed chicory (treatments 3 and 4) were, relative to the control and sflage treat- 
menls, not high in boar taint descriptors and were described by &esh cooked pork 
meat odour/flavour Bn6 thus, displayed a high overalUmpresslon/liking. These corre- 
lations are in complete agreement with the results from the Longlssimus Dorsl 1 
(LD1) sensory profile previously performed and presented as example 4A above. 

Experiment 2 a,b 
Psoas Major 2 (PM2) 

Rg. 10. Discriminant Partial Least Squares Regression (DPLSR) of sensoiy profiling 
versus feeding treatment design variables for P&}as Mafor2{Pm) displayed that 
the animals fed treatment 1. control/silage were high in boar taint descriptors such 
as e.g. manure/stable odour/flavour, gameyflavour. Flat biner-aftertaste and an/- 
maijatagK odour/na^i: whereas animals fed 3..ichloofy 1 (fresh) were, relative to 
;the .1. controi/snage. treatments., not high in..boar taint, descripfprs and ware de- 
scribed by f^sh cooked pork me^^ thus; displayed a higher over- 

ali Impres^on/liklng. 

Longisslmus dorsl 2 (LD2) 

i=lg. 1 1 . Discriminant Partial Least Squares Regression (DPLSR) of sensory proflilng 
versus feeding treatment design variables for Longls^rmjs dorsl 2 (LD2), displayed 
that the animals fed treatments 1. control/silage and 4. inulin were high in boar faint 
temis such as ag. manure/stable odour/Uavour, animal/piggy odour/flavour and 
nvestockn>amy flavour, whereas animals fed 2. chicory 1 (fiesh) and 3. chicory 2 
(dried) were, relative to 1. controI^Rage and 4. inulin, not high in boar faint descrip- 
tors and were described by fresh cooked pork meat odour/flavour and thus, and 
displayed a higher overall impresslon/liidng. ly^oreover. treatments, 2. chicory 1 
(finesh) and 3. chicory 2 (dried) appeared to be similarty effecUva in reducing bore- 
taint 

Conclusions 

• Chicory in fresh and dried form reduced sensory boar4aint relative to control 

feeding. 

• This effect was seen in both Longisslmus dorsl and Psoas Major and thus 
may be considered independent of muscle type. 
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Inulln appeared non efTectfve in the reduction of sensory boar-taint relative to 
chicory feeding. 

Overall, the chicory fed samples achieved significantly higher overall impres. 
sion/lfking score relative to the control, as the chicory fed samples were high 
In fresh cooked pork like sensory notes. 

Thus, m reducing boar-taint chicory does not introduce negative sensory 
characteristtes. 



10 



Example 5 

Organic feed used in the experiments 



15 



20 



,Composrtlon,of fhe o^^^^^^^ conperUrate dlet^iged jn allthe experiments presented 
;yfasasIistejcJintable24 



Table 24, CompositTon of the 

■ Amount % 

Rap? 

Pea, ecologic 
Wheat, ecologic 
Barley, ecologic 
Oat, ecologic 
Soya bean, eco- 
logic 

0KOAni^. 13.G 



Chalk* 

lMonocal(^um- 
pliosphate 



14.547 
24.000 
22.315 
22.000 
5.000 
10.000 

0.200 
0.375 
1.203 
0.363 



organte concentrate diet 

Amount, kg Treatment" Toteiance.%" 

on A Ail i^^t.^ .... ' ■ — 



290.94 
460.00 
446.30 
440.00 
100.00 
200.00 

4.00 
7.50 
24.06 
7.26 



RoilerMill 
RoHerMni 
RoilerMill 
RoilerMill 
RoilerMill 
RoilerMill 

None 
None 
None 
None 



Tolerance, kg" 



9.65 


28.08 


6.25 


30.00 


6.72 


29.99 


6.82 


30.01 


30.00 


30.00 


15.00 


30.00 


12.50 


0.50 


6.67 


0.50 


2.08 


0.50 


6.89 


0.50 



Total 



100.00 2000.06 



1: gmo-free rape, grown in Denmark, heat treated ~ 

4: Food chalk/lime from Faxe 

6: The producte are grounded in the rollermill 



Drying of chicory roots 



25 TTie procedure for drying minced chicory roote in the presented experlmente is 
desca-ibed bekyw. 



as 
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15 



25 



The fresh or non-dried (kept for less than 12 months) chicory roots were 
minoed/chopped by a lightning fast mincer (brand Wiendcen) and dried about 48 
hours at 60»C by a drying cupboard (brand Lytzen Type CBM). Percentage of water 
content differed foiiowing the drying process from 6% to 10%. The taste of the dried 
product was sweet and bitter. 



Sugar content of different feed 



The sugar content of the three of the feed ^fpes used in example 2B. 3B and some 
of the experiments in example 58 are shown in table 25. 

Tabie 25. Percentage of content of low-molecular and high-molecular sugars In the 
feed,used In Experiment i . S '.'Ay"' 





Glucose . 


Fatctose. 


Sucrose 


Fructans^ 


Total 


/Control (organic concentrate) 


•"<-ai-v. 


. 0.06 . 


2.92 


1.26 


4.36 


Control + dried chicory 


0.22 


1.6 


6.18 


15.64 


23.64 


Control * pure Inulfin 


0.1 


0.06 


2.39 


17.27 


19.82 


1 : iviainiy inulin — 



Example 6 



The effect of feeding different concentrations of dried chicory for 7, 14 or 21 
days prior to slaughter on the chemical and sensory attributes of meat from 
20 entire male pigs 

The objectiva of this experiment is to determine the lowest possible level and short- 
est possible duration of dried chicory fiseding to result in chemical and sensory boar- 
tairrt reduction. 



Bacltground 



Based on the results from ecamples presented above It is that: 
1. Fresh and dried chicory fiaeding resulted in a highly significant reduction of sen- 
30 sory boar-taint and as a result a significant increase in sensory acceptable fresh 

meaty odour and flavour attributes, both in entire male pigs as weO as in female 
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pigs, by feeding the product 3. S and 8 weeks before slaughter compared to 
control treatments fed oonoentale phis or minus dovergiass sOage as rough- 
age. 

2. Slcatole ooncentration In backfet and blood plasma was reduced by finishing 
faedlng entire male pi^ fresh or dried chicory for 7 days. 10 days. 14 days, 21 
days, 5 and 8 weelcs (see also Figure 4). 

3. Finishing feeding of entire male pigs at 70 % concentrate plus 25 % dried chto- 
ory for 3 days results m a highly significant deoease in blood plasma skatole 
levBis (see also Figure 4). 

4. Moreover, after a foil week the skatole concentration was vary dose to zero 
both in blood plasma and backfet (see also Table 26). 

6. It was concluded that dried chfeory. as it had a comparable effect to fresh chlo- 
..'^'^P^ >oiy was the fonn of chioonrthatHad tha^bestpotential for devetopment to conv 
■ of tho sconomlb and pracBcai.viabHHy of the diieory 

-IS' . : - - root as a feeofebff l^^^ the dried chicory root feed has the 

advantage that the pigs do not need an adaptation period before eating the foU 
amount of 25% dried chkxwy roots on energy basis. 
6. Thus, chicory feeding in the dried fom.at provides a potentially viable sdution to 
eredkaUng the consumer sensory oif^vour problem known as boar-taint, in 
20 'onMte and more importantly in enUre male ports meat 

The results listed above have been obtained from af /east 3 weeks supplementation 
wRh 25% dried chtooiy (see Table 26). However, this experiment will show the 
minimum time and level of dried chteory needed to result in an equal redudton In 
sensory boar^t and an equal enhancement of sensory mealy odour and flavour 
attributes as prevtously noted. 



25 



90 



Sud, knowledge is critical to the commerdal viability of the invention in pradtoe in 
thai minimisins the cost of the final feed developed and the feeding time required is 
of paramount importance to the acceptance of feeding with diicory as a solution to 
the boar-taint issue in poricmeat. « Is quite dear that the less dried diiccry required 
in the feed and the shorter feeding time required the more potential the approad, 
has m terms of commerdal ao»ptanoe and implementation in the poric industry. 
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An addiUonal benefit of the chicory, is that feeding e.g. 20 % dried chicory for three 
weeks may have the potential to decrease dr4)loss. This has been reported when 
feeding high concentrations of inulin for three weeks by (Rosenvold et al.» 2001; 
Rosenvold, 2002) This hypothesis is made with regard to the Inulin levels contained 
in chicory roots. 

In the previous studies the chicory was dried at 60 °C for 2 days and this win be re- 
peated in the present study. The dried chicory wfll be mixed at 81 *»C. with soya, 
wheat and bariey in a feed mOi according to the Danish legislation concerning the 
feed industry. 

IVlaterlal and methods 

The experiment Is perfertWad wftb 28 Jltbars-of 4 entire male pigs in totfil 112.DDLY 
• crossbred iplgs'^CsTO Table 27);^;- * - • . . 

The experimental period must be 1. 2 or 3 weeks from a beginning weight at 94, 87 
or 80 kg livewelght, respectively, so that the liveweight at slaughter will be about 100 
kg for an pigs. The pigs win be kept In groups of 4 pigs per pen. The pigs are to be 
weighed at the beginning of the experiment 3, 2 and 1 week before slaughter and 
again on the day of slaughter at the abattoir. 

The p^s wUI be lied 2.5. 5, 10 or 20 % dried chteory (according to energy level) for 
either 7. 14 or 21 days prior to slaughter and compared with control pigs fed concen- 
trate without chicory (see Table 27). The percentage of dried chkx)ry is on energy 
basis and is a substitution of concentrate. 
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l^l^f^^'r.^^^ ^"^1^ °" ^^^^^ and sensory eating quality An 



Main effects of cliicory feeding in 
relation to days (weel(s) 


0 


3 


7 

(1) 


10 


14 

(2) 


21 
(3) 


42 
(6) 


56 
(8) 


High skatole oonoentmtions tn the 
majorify of entire mala pigs 


X** 
















Sensory boar-taint off odoura and 
flavours In tlie majority of entire 
maie fig meat (found In control con- 
centrate fed entire maiepi^^^ , 


X 
















S^nificant ,reduqj[cgp..^^^ 

l>Ipod. (afler^a chio- 

ory) 




X 














Close to a total reduction in skatoie 
in blood and baddat in male pigs 






X 


X 


X 


X 






No unacceptable sensory boar-teint 
off odours and flavours pnasent In 
entire male pig meat 

"X = Confirmed fimm nmulm le tntM»M«< 












X 


X 


X 
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Table 27. Experimental design to determine the 
tlons of dried chicory for shorter duiations prior 
sensory attributes of meat from entire male p^s. 



effect of feeding lower ooncentra- 
to slaughter on the chemical and 



No. of feeding 
days before 
slaughter 



14 



21 



Treatment 
20% 

dried chicory 



No. of male 
tVeatment 



1 

Control 

100 % concen- 
trate 

on energy level 
4 males 



20% dried 
chicory 

plus 80% con- 
centrate 
on energy level 

8 males 



20 % dried chic- 
ory 

plus 80 % con- 
centrate 
on energy level 

8 males 



4 

20 % dried 
chicory 
plus 60 % 
concentrate 
on energy 
level 
8 males 



5 

■i - . i vxControl _ . 
10% . : ; ;100 %concen- 
•dried chlc6fy.<-^*^.tr«a;i 
• ' . r Wf>^\ Xcn.ei?9^rgy 4evel , 



No. of male 
pigs 



8 males 



6 

10% dried 
chicory 

' plu^ 90 % c6n- 
< oentrate 
on energy level 

8 males 



10% dried chic- 
ory 

plus 90% con- 
centrate . 
on energy level 

8 males 



8 

10 % dried 
chicory 
plus 90 % 
concentrate 
on energy 
level 
6 males 



TVeatment 



5% 



9 

Control 
100 % concen- 
dried chicory trate 

on energy level 



No. of male 
pigs 



4 males 



10 

5% dried Ohio* 
cry 

plus 95 % oon- 

centrate 

on energy level 

8 males 



11 12 

5 % dried chicory 5% dried 
plus 95 % con- chicory 
centrate plus 95 % 

on energy level concentrate 
on energy 



6 males 



8 males 



Treatment 
2.5% 

dried chicory 



No. of male 



13 14 - 

Control 2.5 % dried 

100 % oonoen- chicory 
trate plus 97.5% 

on energy level concentrate 

on energy level 



0 males 



8 males 



15 

2.5 % dried chic- 
ory 

plus 97.5 % con- 

oentrate 

on energy level 

8 males 



16 

2.5 % dried 
chicory 
plus 97.5% 
concentrate 
on energy 
level 
8 males 



Chemical analysis 

Skatole analysis in blood and backfet will be carried out Blood samples will be od- 
leded three weeks before slaughter and the day before slaughter for all pigs. 
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25 



30 



Skatola wilt be measured In backfat at slaughter as weU as In blood plasma at be- 
ginning of the experftnent and the day before slaughter. Skatole In blood plasma will 
be analysed just before slaughter. Frozen blood plasma samples win be available 
from three weeks before slaughter for later analysis of skatole If resuHs should point 
for further analysis. 

It is not essential to measure androstenone In blood plasma as we know from the 
previous experiments that the effiact of chkXHy on androstenone may be minor end 
not sfgnWcant Btood plasma samples wOi be presnved ffozen liom both three 
weeks before slaughter and at slaughter for lalw analysis of androstenone In blood 
plasma If resuHs should Indteate a requtremantfortijrther analysis. 



- ' F"rtHermpr&,VpH24 (PH measured 24 houre post slaughtei) and driploss of meat 
■■■ -Juice (HonmSjel's methpd) as well as Minolta colour values will be measured In the 
'•15- cof^plaHaWe'SO^chlooj^^^ ... 

Sensory analysis 

Sensoiy profiling analysis of 1.0 kg of M. long. Oorslfmm all treatments using a 10- 
member expert panel wm be carried out All sensoiy work wOi be carried out In the 
sensory laboratoiy at the The Royal Veterinary and Agricultural Unhrerel^ (KVL). 
whteh fulfils requirements according to the Memalional standards (ASTM. 1986- 
ISO. 1988). 



35 



Prior to sensory profiling the panel wili participate in the development of a sensory 
vocabulary as per <Byme et al.. 1999a.b). Panel input, panel leader input, and multl. 
vaiiate statistical analyses wll be ulOised to select a set of descriptive tenns. Each 
term win be defined by a reference material and tenns wOI be dhMed into odours, 
testes, flavoure and aftertastss. 

In addition, with respect to the envbonmentel odour Impact of pig rearing facOities 
during the wannest periods In summer time. Measurement with an olfodometer In- 
strument wni allow the presentatkm of odour qualities of faeces liom the experiment 
with respect to the different treatmente wlO> dried chicory (oligosaccharides) of ani- 
mals In a highly controlled and safe manner directly to human subjecte. From this It 
wai be possmie to gain Insight as to the teval of reduction of off-odoure relevant to 
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the negative perception of ventilation air from the pig houses. The Impact of the pre- 
sent experiment on the env&onment wtth respect to odour levels in pig rearing facili- 
ties may become very important, particularly if vire see an effect of chicory at lower 
levels and used strategic during the wanmest time of tiie year when the environ- 
5 mental odour impact of pig rearing facilities exists. 
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